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MAIN DIVISIONS OF PENNSYLVANIAN PERIOD AND SYSTEM! 


RAYMOND C. MOORE? anp M. L. THOMPSON? 
Lawrence, Kansas, and Madison, Wisconsin 


ABSTRACT 


Divisions of the Pennsylvanian System called Pottsville, Allegheny(an), Conemaugh(an), 
Monongahela(n), Lee, Kanawha(n), Pittsburgh, Springer(an), Morrow(an), Atoka(n), Lampasas 
(Lampasan), Derry(an), Des Moines (Desmoinesian), Missouri(an), Virgil(ian), Bend(ian), Strawn, 
Canyon, Cisco, and possibly others, have been designated as series. 

' An analysis of physical characters and paleontological features of the Pennsylvanian rocks in 
North America leads to the conclusion that stratigraphic cleavage at two positions within the system 

has paramount significance. Breaks at these horizons provide grounds for recognizing three series: 

Lower Pennsylvanian deposits are named the Ardian Series, from outcrops in the Ardmore basin, of 

southern Oklahoma; Middle Pennsylvanian deposits are designated the Oklan Series, from the section 

of eastern Oklahoma; Upper Pennsylvanian rocks are termed the Kawvian Series, from the splendidly 

— sequence of these deposits in the Kaw (Kansas) River Valley and vicinity, in eastern 
ansas. 

The chosen names for the defined series conform to convention in being derived from place names 
and in having specified type areas, but the names Ardian and Oklan go a step beyond precedent in 
using only part of a single geographic name (rather than one part of a binomial or trinomial geographic 
name, as illustrated by many stratigraphic terms in common use). Among reasons for choosing the 
new series names is lack of available other names. 

The Ardian Series includes Springeran and Morrowan rocks, which are classed as stages. The 
Oklan Series is made up of the Atokan (or Derryan) and Desmoinesian Stages. The Kawvian Series 
contains the Missourian and Virgilian Stages. 


INTRODUCTION 


All geologists are concerned with concepts of geologic time, and in varying 
degree they are interested in definition of its major and minor segments. Many 
of us, however, do not comprehend clearly the principles that furnish sound guide 
for subdivision of geologic time; also there is incomplete agreement on what 
should be the units of time classification and how these units should be delimited. 
Most students of earth history have concluded that a natural basis for defining 
geologic time divisions is found in characters of the physical and organic elements 
of the geologic column. Many geologists, on the other hand, think that classifica- 
tion of geologic time in eras, periods, epochs, and lesser units is measurably ar- 


1 Manuscript received, November 20, 1948. 
2 University of Kansas. 
3 University of Wisconsin. 
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bitrary, in the sense that one set of time divisions is about as good as any other, 
though they admit that agreement by geologists of the world on some one classi- 
fication is needed as basis for common understanding. These geologists point out 
that the generally recognized geologic periods are outgrowth of essentially for- 
tuitous conditions as to places and ways in which early geologic studies were con- 
ducted, mainly in Europe, and they call attention to unresolved debates in many 
regions on definition of every major time boundary. Studies of geochronology, 
therefore, are of widespread interest and importance. 

This paper is devoted to the problem of defining major time divisions in part of 
Late Paleozoic history. It refers primarily to the geologic record observed in 
North America and is mainly concerned with definition of first-rank time divisions 
classed as belonging to the Pennsylvanian Period. As corollary—or actually, 
antecedent—matter, is the differentiation of main rock divisions which are de- 
fined in relation to segments of geologic time. These first-rank parts of the Penn- 
sylvanian System are series. 

Rock formations of Pennsylvanian age are recognized by a preponderant ma- 
jority of American geologists as having the attributes of a geologic system. Their 
first-hand observations in many places, supplemented by study of published in- 
formation on Late Paleozoic deposits in continents outside North America, have 
convinced them that the geologic record abroad corresponds so closely with our 
own, that recognition of Pennsylvanian as a systemic unit applicable to the 
whole world is desirable. Accordingly, American geologists urge abandonment of 
Upper Carboniferous in favor of Pennsylvanian, in the manner that Lower 
Silurian has been displaced almost universally by Ordovician. A recently pub- 
lished study by a subcommittee of the American Association of Petroleum 
Geologists committee on geologic names (Cheney ef al., 1945) summarizes 
evidence deemed to support the thesis that the Pennsylvanian equals or exceeds 
the average geologic system and period in its (1) distinctive organic development, 
(2) great volume and distinctive character of rock sequences, (3) indicated dura- 
tion of geologic time, (4) pronounced structural adjustments over large areas, 
(5) delimitation by regional unconformities of major importance, and (6) areal 
extent of outcrops. The very great economic importance of Pennsylvanian rocks, 
moreover, supports assignment to them of stratigraphic rank correlative with 
Permian, Cretaceous, and other geologic systems. 

The United States Geological Survey and the State geological surveys of 
Alabama and Nevada (Cheney et al., 1945, p. 127) currently class the Pennsyl- 
vanian rocks as a series comprising the upper part of the Carboniferous System. 
The Nebraska Geological Survey (Condra and Reed, 1943, p. 41) recognizes 
Pennsylvanian and Mississippian as subsystems of the Carboniferous System. 

If Pennsylvanian rocks are treated as a system, and Pennsylvanian time is 
classed as a period, this affects the assigned rank of divisions of Pennsylvanian. 
First-order divisions of the system have the rank of series and subordinate ones 
may be treated as subseries, stages, substages, or zones. Corresponding time 
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units are epoch, subepoch, age, subage, and secule, or chron. If Pennsylvanian 
is treated as a series of the Carboniferous System, however, it is obvious that the 
assigned rank of Pennsylvanian subdivisions must be reduced one step. This is 
undesirable from a practical standpoint, for it adds a needless extra category of 
classification. 


DEFINITION OF DIVISIONS OF PERIOD AND SYSTEM 


Each geologic period comprises a major segment of geologic time, and com- 
monly it is divided into parts consisting of time units of subordinate rank. Defini- 
tion of these lesser units is based on divisions of the system shown in selected 
standard sections. All time-rock units are presumed to be significant natural as- 
semblages of rock strata which are characterized by their contained fossils in 
such manner as to set them apart from adjoining segments of the geologic column, 
In general, one may expect lowest order time segments to be represented by 
time-rock units that are defined (mostly by fossils) on the basis of essentially un- 
broken sedimentary records. Experience indicates that time-rock units of inter- 
mediate and high orders are bounded in many places by varyingly important 
discontinuities in sedimentation. Since time is continuous, its divisions should 
form a continuous succession, like the orderly marking of seconds, minutes, and 
hours on the face of a clock. Of course, there is difference between the evenly 
spaced markings of a clock dial and dividing points'on the geologic time scale 
because the latter are surely far from uniform in spacing. Yet in both, the time 
units of any given category are reckoned to be contiguous, neither offlapping 
nor overlapping one another. Even though most time-rock units are judged to 
be incomplete, the geologic time segments based on them are conceived to extend 
part way across gaps of the stratigraphic record so as to touch adjoining time 
segments. In sedimentary basins of the continent which were most continuously 
the sites of sedimentation, there may be little or no hiatus between parts of the 
succession which properly are assigned to different series, or to different systems. 
The same is true of deposits laid down in oceanic basins; but these are mostly un- 
available for study because they are not exposed in present continental areas. 

Inasmuch as the accumulation of any sedimentary deposit requires time, 
any two selected successive bedding planes of stratified rocks are separated by a 
short or long segment of geologic time. It is possible to define these arbitrarily 
chosen bedding planes as boundaries of a so-called time-rock unit, but such a unit 
is almost certain to be “unnatural,” in that it lacks any real significance. If the 
selected stratigraphic boundaries actually mark limits of what is judged to be a 
natural paragraph or chapter in the historical record, such as the time of pro- 
fusion and widespread distribution of certain organisms, or the time of sedimen- 
tation during a marine submergence, the beds which are classed as a time-rock 
unit are likely to be recognizable clearly, easily, and widely as a division of the 
stratigraphic succession meriting differentiation because of its importance in re- 
lation to historical geology. This importance may be primarily paleontological, 


j 
| 
j 
4 
| 


278 RAYMOND C. MOORE AND M. L. THOMPSON 


the beds between the selected limits defining a zone. There are other criteria for 
selection of useful boundaries. Mere change in lithology is not ordinarily to be 
included among them because conditions of sedimentation necessarily lack 
persistence. 

Definition of useful time-rock units differs basically front that which is ap- 
propriate for rock units. It is obvious that if one selects the base or top of some 
coal bed, underclay, limestone, or any other kind of Pennsylvanian deposit as 
the boundary of a so-called time-rock unit, the number of possible selections is 
endless. For reasons of his own, each geologist may choose different stratigraphic 
groupings and agreement between the arbitrary choices of any two geologists 
would be accidental. In spite of the seeming absurdity of this approach, definition 
of some Pennsylvanian “‘time-rock units” classed as series has actually been made 
in this arbitrary manner. 

We hold that any stratigraphic division having validity as a time-rock unit 
must embrace something different from a mere assemblage of strata between ar- 
bitrarily selected marker beds. We accept faunal or floral zones as one type of 
useful time-rock unit. It is evident that the span of these may vary according to 
the range of the organisms that serve as guide fossils. Paleontological zones may 
overlap or offlap one another, but this creates no difficulty in stratigraphical 
classification because such zones are not the sole basis for defining the successive 
contiguous time-rock divisions of any given rank in a system. Some broadly de- 
fined paleontological zones may even embrace parts of two systems, as the Zone 
of Triticites (in widest sense), which includes Upper Pennsylvanian and Lower 
Permian strata from lower Missourian to upper Wolfcampian. 

The terms series and stage are widely recognized as time-rock units, sub- 
ordinate to system, which have usefulness in dividing the system. They do not 
embrace random parts of the system as selected on some chosen basis in a manner 
that leaves parts of the system unassigned to named time-rock units or that per- 
mit overlapping of the span of time-rock units of the same rank. Rather, the whole 
system is divided into two or more series in which each pair of adjoining series 
has a common boundary. Stages are subdivisions of series set up in like manner 
and differing essentially from a series only in lesser span. A stage is not properly 
defined to embrace parts of two adjoining series. 

The chief criterion for defining series and stages, according to prevailing 
judgment of competent stratigraphic workers, is evidence of sedimentation and 
organic evolution without important break, as contrasted with widespread in- 
terruption of sedimentation and accelerated evolution or lost interval in the or- 
ganic record. In varying degree and distinctness, the boundaries between stages 
and series constitute natural punctuation points in the stratigraphic record. It is 
true that the deposits everywhere just below or above a disconformity are re- 
spectively not precise equivalents in age, but this in no way invalidates the im- 
portance of the break in sedimentation as a marker of important time-rock dis- 
tinction. Only the lowest order of time-rock units within a stage or series calls 
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for designation of a boundary in a perfectly conformable succession, except 
locally, it must be noted, where continuous sedimentation ties contiguous stages 
or series, or even systems together. Under the conditions of uninterrupted sedi- 
mentation just noted, definition of the boundaries of time-rock units of any rank 
is measurably arbitrary, even though guided by paleontology. 


PREVIOUSLY RECOGNIZED PENNSYLVANIAN MAIN DIVISIONS 


Rocks of the Pennsylvanian System have been divided variously in different 
regions. Most divisions have not been defined with any reference to time con- 
cepts. They have been classed as groups, formations, and smaller units based 
primarily on lithology. In recent years especially, several of the larger Pennsyl- 
vanian units, however, have been treated as time-rock units under designations 
of series, subseries, or stages, and the boundaries of some rock units, which pre- 
viously were known as formations or groups, have been revised in conformance 
with time-rock concepts. A few stratigraphic names have been indiscriminately 
used and are still being employed for lithologic and time-rock classifications, rocks 
of the same or only slightly different span being variously called formations, 
groups, or series. An example is the Allegheny portion of the Pennsylvanian 
section in the northern Appalachian region; with varying lower and upper 
boundaries these rocks are called Allegheny formation (Cummins and Sanderson, 
1947, p. 17), Allegheny group (Dickey et al., 1943, p. 7), Allegheny group, re- 
stricted (Ashley, 1945, p. 389), Allegheny series (Cheney et al., 1945, p. 146), 
and Alleghenyan series (Moore et al., 1944, p. 683). 

Appalachian region.—The earliest generally recognized classification of 
Pennsylvanian rocks in the state of Pennsylvania and adjoining parts of the 
northern Appalachian region consisted in upward order of: (1) Millstone Grit, 
(2) Lower Productive Coal Measures, (3) Lower Barren Measures, (4) Upper 
Productive Coal Measures, (5) Upper Barren Measures. Subsequently, geo- 
graphic names were applied to these parts: (1) Pottsville, (2) Allegheny River (or 
Allegheny), (3) Conemaugh, (4) Monongahela, (5) Dunkard. Boundaries at se- 
lected coal beds define the limits of these units, which obviously were framed on 
lithologic and economic grounds. Nevertheless, their contained organic remains, 
chiefly plants, came to be widely used as a basis for correlation, and to a certain 
extent for age classification of Pennsylvanian rocks in other regions. Thus, cer- 
tain strata of the Western Interior and the Mid-Continent regions have been de- 
fined as of “Pottsville age” or ‘Allegheny age.”’ On the basis of fossil floras, the 
Dunkard beds were judged (Fontaine and White, 1880) to be equivalent in age 
to the Lower Rotliegende or Autunian rocks of western Europe, classed as Per- 
mian, and therefore the Pennsylvanian section was restricted to exclude Dunkard 
strata. 

A classification of the Pennsylvanian rocks in the type region by Ashley 
(1923, 1945) has recognized division of the system into two main time-rock units 
called Pottsville Series, below, and Pittsburgh Series, above. The boundary be- 
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tween these units is put at the base of the underclay below the Lower Kittanning 
(Block No. 5 or Buck Mountain) coal, and the Pittsburgh Series is defined to 
include the Allegheny (restricted), Conemaugh, and Monongahela groups. 
Ashley (in Moore ef al., 1944, p. 682) proposed five divisions of the Pottsville, 
in upward order: A, (Pocahontas group) from base of the Pennsylvanian to top 
of the Beckley coal (in southern West Virginia); B, (Lower New River group) 
from A to base of the Sewell coal; C, (Upper New River group) from B to the 
base of the Upper Nuttall sandstone; D, (Lower Kanawha group) from C to 
base of the Campbells Creek coal or top of the Upper Connoquennessing sand- 
stone; and E, (Upper Kanawha group) from D to base of the Lower Kittanning 
(Block No. 5 or Buck Mountain) coal. 

The Pennsylvanian correlation chart (Moore ef al., 1944) prepared by the 
National Research Council committee on stratigraphy, recognized time-rock 
divisions classed as series in the Appalachian section of the Pennsylvanian Sys- 
tem, named in upward order: (1) Lee, (2) Kanawha, (3) Allegheny, (4) Cone- 
maugh, (5) Monongahela; but adjectival names (as Kanawhan, Alleghenyan) 
were used in the text. The boundaries of the Conemaugh and Monongahela, which 
are marked by coal beds, were not changed but those of lower divisions were 
shifted slightly downward so as to coincide with the bases of prominent sandstones 
that are presumed to mark significant disconformities. 

Cheney (in Cheney ef al., 1945, p. 142) has introduced a new and different 
application of time-rock terms in the type Pennsylvanian section, recognizing 
major divisions in upward order as follows: “Lower Pottsville: Pocahontas 
series,” ‘‘Middle Pottsville: New River series,” ‘‘Upper Pottsville: Kanawha 
series,” ‘Allegheny: Allegheny series,’”’ Monongahela group, Conemaugh group. 
Virtually all of the boundaries shown between these divisions differ from previous 
placements and, therefore, they constitute proposed revisions. Designation of 
the Conemaugh and Monongahela as groups (Cheney, 1945, p. 166) seemingly 
was an oversight, inasmuch as these divisions are included among series shown 
on a stratigraphic chart (Cheney et al., 1945, p. 140). 

Eastern Interior and Michigan basins—No time-rock divisions defined in 
terms of Pennsylvanian sections in the Eastern Interior and Michigan basins 
have been recognized. The rocks in these areas have been divided into formations 
largely on the basis of inferred age relations to the Pennsylvanian of the Appal- 
achian region. Noteworthy discrepancy in application of the same formation 
names in different parts of the Illinois and western Kentucky region is found 
(Moore ef al., 1944, chart, columns 26-30). 

Northern Mid-Continent region.—Rocks of Pennsylvanian age in Iowa, Mis- 
souri, Nebraska, Kansas, and Oklahoma generally were divided by early workers 
into two main parts, respectively termed Lower and Upper Coal Measures. Keyes 
(1893) named the lower division the Des Moines group,.and classed the Upper 
Coal Measures, which he considered as extending from the base of the Hertha 
limestone to the base of the Wreford limestone, as the Missouri group. Moore 
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(1932) redefined these terms and employed them as time-rock units. The Des 
Moines (now called Desmoinesian) Series was defined as bounded at the top by 
a disconformity occurring a short distance above the Lenapah limestone, and 5 
to 100 feet or more below the Hertha limestone; the Missouri (now called Mis- 
sourian) Series was defined to include beds lying between this disconformity and 
a higher one marking the base of the Douglas group; and a new term, Virgil (now 
called Virgilian) Series, was introduced to include strata from the base of the 
Douglas group to the top of the Pennsylvanian. The Pennsylvanian-Permian 
boundary was placed at a disconformity occurring about 475 feet below the 
Wreford limestone (Moore, 1936); this boundary, near the horizon of the Brown- 
ville limestone, marks the top of the Wabaunsee group, as defined since 1935. 

The classification just outlined has been adopted generally except that until 
recently the Missouri Geological Survey has recognized Missouri Series as extend- 
ing from the post-Desmoinesian disconformity to the top of the Pennsylvanian. 
Many papers by individual geologists have employed Des Moines, Missouri, and 
Virgil as series or subseries terms, according to the classification introduced by 
Moore. In May, 1947, the State geological surveys of Iowa, Kansas, Missouri, 
Nebraska, and Oklahoma jointly agreed on adoption of Desmoinesian, Mis- 
sourian, and Virgilian as major time-rock divisions of the Pennsylvanian in their 
respective states (Moore, 1948). 

Pennsylvanian rocks of pre-Desmoinesian age that contain a rich flora and 
distinctive marine invertebrate fauna are exposed on the southwest flank of the 
Ozark uplift and in southern Oklahoma. Moore (1932) defined these deposits as 
the Morrow (now called Morrowan) Series from type exposures in northwest- 
ern Arkansas. 

Ouachita-Arbuckle region.—A thick section of Pennsylvanian rocks, possibly 
exceeding 36,000 feet, occurs in the Ouachita and Arbuckle mountain region of 
Arkansas and Oklahoma. The lower part of this section, comprising the Hot 
Springs, Stanley and Jackfork formations of the Ouachitas, is judged by some to 
belong in the Upper Mississippian (Weller et a/., 1948, pp. 106, 145), although 
the presumed equivalents of these rocks on the flanks of the Arbuckles, called 
Springer Series (Joc. cit., columns 55, 56 of chart), are classed as Lower Pennsyl- 
vanian. We do not share the view that the mentioned Ouachita deposits are of 
Mississippian age. Virgilian, Missourian, Desmoinesian, and Morrowan strata 
are recognized in this region. In addition, there are thick deposits that are younger 
than Morrowan and older than type Desmoinesian; these intermediate rocks 
have been referred to the Lampasan Series by some (Moore et al., 1944, chart; 
Cheney ef al., 1945, p. 146) and have been designated as Atoka Series by others 
(Spivey and Roberts, 1946). Subsurface beds in western Kansas and eastern 
Colorado have been classed as belonging to the Atoka Series (Maher, 1947). 

North-central Texas.—The Pennsylvanian rocks of north-central Texas were 
included by Cummins (1891) in five formations, from the base upward (1) Bend 
formation (largely limestone), (2) Millsap formation (largely shale and sand- 
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stone), (3) Strawn formation (largely shale and sandstone), (4) Canyon formation 
(largely limestone), and (5) Cisco formation (largely limestone and shale). Plum- 
mer and Moore (1922) recognized four major divisions for the Pennsylvanian of 
that region and termed them groups, in ascending order, (1) Bend group, (2) 
Strawn group (including Millsap and Strawn formations of Cummins), (3) 
Canyon group, and (4) Cisco group. The Texas Bureau of Economic Geology 
(Sellards, 1932) employs these same divisions for the system and defines them 
in somewhat the same sense except that the Barnett shale (Mississippian) is 
eliminated from the base of the Bend group. 

Cheney (1940) proposed to raise the four groups of Plummer and Moore to 
the rank of series and further proposed to substitute the name Lampasas for the 
Bend, with some modifications in scope. He included in the Lampasas Series 
most of the rocks referred to the Bend group by Sellards and, in addition, in- 
cluded in it subsurface rocks (Parks formation) west of the Llano uplift that are 
equivalent in age to the lower part of the type section of the Desmoinesian. He 
also proposed to refer the lower beds formerly assigned to the Bend (lower Marble 
Falls limestone, Sloan limestone of Plummer, 1947) to the Morrow (Morrowan) 
Series and placed the Permian part of the upper Cisco in the Wolfcampian Series. 
Cheney redefined the boundary between the Strawn and Canyon series to make 
it correspond in age with the boundary between the Desmoinesian and Missourian 
Series (stages of this report) of the northern Mid-Continent region. The Strawn, 
Canyon, and Cisco Series, as thus defined, are the stratigraphic equivalents, ex- 
cept for missing parts of the Texas section, of the Desmoinesian, Missourian, and 
Virgilian Stages of the northern Mid-Continent region. It seems evident that the 
upper part of the Virgilian is not as nearly complete in Texas as it is in Kansas 
and Oklahoma and that the base of the Strawn is considerably younger than the 
base of the Desmoinesian. Moore et al. (1944, chart, column 38) and Cheney e¢ 
al. (1945) used the same terminology for the series of the Pennsylvanian of north- 
central Texas and defined their limits in the same manner. 

New Mexico——aAll Pennsylvanian rocks in New Mexico were referred to the 
Magdalena formation (or group) for many years and are still so termed by some 
workers. The largest stratigraphic break recognized in the Pennsylvanian of New 
Mexico, as based on paleontological evidence, seems to correspond in age almost 
exactly with the stratigraphic break between the Desmoinesian and Missourian 
Stages (between the Oklan and the Kawvian Series) of the northern Mid-Conti- 
nent region. 

Thompson (1942) recognized rocks of Desmoinesian, Missourian, and Vir- 
gilian ages in southern New Mexico. He also recognized a rather thick section of 
rocks of pre-Desmoinesian age over most of the southern part of New Mexico 
and in extreme western Texas. He proposed the term Derry (Derryan) Series 
for these pre-Desmoinesian rocks and defined the series as of post-Morrowan 
and pre-Desmoinesian age, basing his definitions of these older and younger 
rocks on correlations with the type Desmoinesian section of Iowa and the type 
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Morrowan section of Arkansas. The Derryan, as thus defined, is almost the exact 
equivalent of the Atokan of Oklahoma (Spivey and Roberts, 1946), but the Der- 
ryan includes rocks that seem more nearly to fill the recognized break between 
the Morrowan of Arkansas and the Atokan of Oklahoma. Questionable Morrowan 
rocks have been recognized below the Derryan in extreme southern New Mexico 
and extreme western Texas (Thompson, 1948). However, these questionable 
Morrowan rocks and the overlying Derryan rocks do not seem to be separated 
by a large stratigraphic break. The Pennsylvanian of eastern Arizona includes 
rocks of Desmoinesian, Missourian, and Virgilian age (Thompson, 1942). Mor- 
rowan and Atokan (Derryan) rocks have not been recognized in Arizona, but a 
thick section of Atokan rocks has been identified northward from these in western 
Utah. 


PROPOSED MAIN DIVISIONS OF PENNSYLVANIAN PERIOD AND SYSTEM 


Comprehensive study of Pennsylvanian stratigraphy and paleontology leads 
to conclusions on the time and time-rock classification that seems to accord best 
with geologic history (including sedimentation, main interruptions in sedimenta- 
tion, mountain building, and evolution of organisms), which represents this part 
of Late Paleozoic time in North America. The conclusions are firm on some 
points but decidedly less definite on others, and accordingly there is need to 
designate parts of the classification having largest support from well known ob- 
jective facts and to specify features concerning which there are unresolved 
questions. 

A first pertinent observation is that within the Pennsylvanian succession of 
each reasonably well studied area there are two stratigraphic boundaries which 
are agreed by almost everyone to have greatest significance in time-stratigraphic 
division of the system. These boundaries are the best marked paleontologically, 
and in many sections they are also very readily distinguished on the basis of 
physical evidence. The two chiefly important boundaries mentioned are (1) the 
disconformable or non-conformable contact between Morrowan (or older Penn- 
sylvanian strata) and next younger Pennsylvanian rocks, and (2) the similar 
contact between Desmoinesian and next younger rocks, which generally are Mis- 
sourian. These breaks certainly take precedence over any others and we judge 
that it is appropriate to recognize them as boundaries between three first-rank 
divisions of the Pennsylvanian System. They are classed properly as series. The 
three series respectively make up the Lower Pennsylvanian, Middle Pennsyl- 
vanian, and Upper Pennsylvanian. 

The divisions called Morrowan, Desmoinesian, Missourian, and Virgilian (or 
by some, Morrow, Des Moines, Missouri, and Virgil) have come to be recognized 
generally in the Mid-Continent region, and to some extent in other parts of North 
America, as series. The additional terms Springeran, Lampasan, Atokan, and 
Derryan (Springer, Lampasas, Atoka, and Derry) have been introduced also dur- 
ing recent years as series divisions of the Pennsylvanian rocks; these comprise 
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segments of Lower and Middle Pennsylvanian rocks which are split off with dif- 
ferently defined stratigraphic limits. The so-called series which have been men- 
tioned are not all mutually exclusive in span, for Atokan and Derryan are es- 
sentially synonymous; Lampasan includes the sum of rocks assigned to Atokan 
or Derryan and additional younger strata; the Desmoinesian Series, as recognized 
by some geologists, includes rocks classed by others as Atokan, Derryan, and 
Lampasan; the Morrowan Series, according to some usage, incorporates Spring- 
eran formations. Only Missourian and Virgilian are not involved in overlapping, 
conflicting definitions of boundaries. In our opinion, physical and paleontological 
evidence supports partition of the Pennsylvanian succession into six time-strati- 
graphic units of correlative rank which are (in upward order) Springeran, Mor- 
rowan, Atokan (or Derryan), Desmoinesian, Missourian, and Virgilian. Also it 
is our firmly held opinion that these six divisions are not of series rank. They are 
units of lower magnitude, distinctions between them are less strongly marked, 
and their number is greater than seems to be appropriate for recognition of them 
as series. On the other hand, these units have attributes which suit them for class- 
ification as stages, and we so designate them. 

For some purposes, designation of the three series, which embrace the stage 
divisions just noted, as Lower Pennsylvanian, Middle Pennsylvanian, and Upper 
Pennsylvanian, is all that is needed. From other viewpoints, it is highly desirable 
to have distinguishing names of geographic origin, which preferably should be 
short euphonious terms. Therefore, we give the following names: Ardian Series 
for Lower Pennsylvanian strata extending from the base of the system upward 
to rocks of latest Morrowan age; Oklan Series for Middle Pennsylvanian rocks, 
extending from oldest post-Morrowan to youngest Desmoinesian; and Kawvian 
Series for Upper Pennsylvanian deposits, including formations from oldest Mis- 
sourian to the base of the Permian. Time equivalents of the series, of course, are 
called Ardian Epoch, Oklan Epoch, and Kawvian Epoch. The new terms have 
the virtue of being easy to pronounce and much shorter than Lower Pennsyl- 
vanian, Early Pennsylvanian, and so on. 

The name Ardian is derived from the first syllable of Ardmore, the selected 
type sequence of Lower Pennsylvanian rocks being that of the Ardmore basin, 
south of the Arbuckle Mountains. The term Ardmore is preoccupied by Ardmore 
limestone, a Desmoinesian formation of Iowa, Missouri, Kansas and northeastern 
Oklahoma (equals Verdigris limestone). No unused place names in the outcrop 
area of Lower Pennsylvanian rocks in the Ardmore basin are available. 

The name Oklan is based on the abbreviation of the State of Oklahoma, and 
it refers to the very thick fossiliferous succession of Middle Pennsylvanian de- 
posits which is found in east-central and northeastern Oklahoma. In this area, 
relations of the Middle Pennsylvanian Series to older and younger series are well 
shown. The name Oklahoman (or Oklahoma) is preoccupied (Keyes, 1896, pp. 
22-28) by application to Permian deposits of the Oklahoma region. 

The name Kawvian is taken from the commonly used alternative designation 
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of the Kansas (or Kaw) River, which joins the Missouri River at Kansas City. 
The Kaw Valley has a superlative section of Missourian and Virgilian strata and 
is well suited as the type for the Upper Pennsylvanian Series. The name of the 
series is spelled Kawvian (rather than Kawan) for the purpose of euphony, just 
as the Upper Silurian stage name Ludlovian (instead of Ludlowan) is in common 
use. 

The selected names for the Pennsylvanian series conform to convention in 
being of geographic origin, but Ardian and Oklan are innovations in that they 
are derived from chosen syllables forming part of geographic place names, rather 
than the whole names. This is judged to be appropriate on several counts. 1. The 
object of stratigraphic nomenclature, like zoological nomenclature, is designation 
of different things in unambiguous manner by names which are distinct from all 
others. Synonyms and homonyms are as much a source of confusion in stratig- 
raphy as in paleontology. This principle is well recognized. Accordingly, new 
stratigraphic names must not duplicate old ones. Ardian, Oklan, and Kawvian 
are different from any previously used names. 2. In many areas, a dearth of geo- 
graphic place names makes difficulty in finding terms which may be applied to 
stratigraphic units. In other areas, geographic names which might be acceptable 
for definition of stratigraphic units duplicate names which have been applied 
already to stratigraphic divisions elsewhere. The use of farm names or applica- 
tion of new names to geographic features so they may be employed in strati- 
graphic nomenclature is generally an undesirable device for supplying needed 
names. 3. Use of a part of a geographic name is a good solution of the problem of 
finding suitable terms for rock units wherever no unused names in places desired 
as type localities can be found, and it has the virtue of providing short euphonious 
designations. Many stratigraphic terms are similarly formed by using part of a 
geographic name (as Pierre shale, from Fort Pierre, Trenton, from Trenton Falls, 
et cetera), but such terms use one part of a binomial or trinomial geographic name— 
not a selected syllable or syllables, as in Ardian and Oklan. 4. The requirement 
that stratigraphic names refer to definite places which are chosen as types of the 
named units is met by a term comprising a part of a geographic place name, as 
well as a full place name, provided statement of the chosen type locality is given. 
5. Use of short designations like Ardian, Oklan, and Kawvian seems decidedly 
preferable to such time-stratigraphic terms as Fingerlakesian and Onesquethawan 
(Devonian) or Blackriveran (Ordovician). 

Classification of Pennsylvanian time and rocks in the three main parts just 
advocated is not a proposal originated by us. Such divisions are given in charts 
prepared by Cheney et al. (1945, pp. 131, 140) with comment that they comprise 
the most significant main parts of the Pennsylvanian. The charts of Cheney ef 
al. give no classificatory designation of the terms Lower Pennsylvanian, which 
is shown to comprise divisions called Springer and Morrow Series; Middle Penn- 
sylvanian, containing the Lampasas and Des Moines Series; and Upper Pennsyl- 
vanian, containing the Missouri and Virgil Series. Nor is there discussion of this 
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point in the text. Being treated as intermediate categories between series and 
system, they are implied to be either subsystems or superseries. We are inclined 
to judge that Cheney ef al. gave no special thought to the classificatory status of 
the combined Springer-Morrow and the others, despite emphasis placed on the 
logical partition into Lower, Middie, and Upper Pennsylvanian. 

Classification of Pennsylvanian rocks (and time) proposed in this paper is 
given in the following table (Fig. 1), time categories being indicated in parentheses. 
The divisions are arranged in stratigraphic order. 

CLASSIFICATION OF PENNSYLVANIAN SysTEM (PERIOD) 
Kawvian Series (Epoch) 
Virgilian Stage (Age) 
Missourian Stage (Age) 
Oklan Series (Epoch) 
Desmoinesian Stage (Age) 
Atokan Stage (Age) 
Ardian Series (Epoch) 
Morrowan Stage (Age) 
Springeran Stage (Age) 


ARDIAN SERIES (EPOCH) 


Definition and type area.—The Ardian Series comprises the rocks assigned to 
the Springeran and Morrowan Stages. This lower part of the Pennsylvanian 
System extends upward from the basal contact of these rocks with Mississippian 
or older formations, which is marked by an unconformity in most places, to the 
top of Morrowan strata, which are identified by paleontological characters and 
separated almost everywhere from next younger deposits by an evident uncon- 
formity. Differentiation of the series is based on observations in several areas, 
each of which supplements and confirms data furnished by the others. The 
Ardmore basin section is selected as source of the series name because fossiliferous 
rocks representing both Springeran and Morrowan Stages occur here in thick 
development, one following the other. Consequently, this succession constitutes 
the type section. It is also the type area of the Springeran. The type Morrowan 
in northwestern Arkansas is not associated with Springeran beds, and therefore 
is an incomplete section of Ardian rocks. 

The Springeran deposits near Ardmore are now defined to include a thick 
lower portion named the Goddard shale (Cheney et al., 1945, p. 143), which is in- 
ferred to lie disconformably on the lithologically dissimilar Upper Mississippian 
shale called Caney. For many years these lower Springeran shales were desig- 
nated as “Pennsylvanian Caney.”’ The upper part of the Springeran section in 
the Ardmore basin consists of alternating sandstone units (Rod Club, Over- 
brook, Lake Ardmore) and unnamed shale units (Tomlinson, 1929, p. 12). The 
Primrose sandstone, which overlies these strata, was included in the original de- 
fined limits of the “Springer formation” (Tomlinson, 1929, p. 19) but now is 
judged to belong with succeeding units as the lowermost part of the Morrowan 
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Stage (Tomlinson, 1948, personal communication). The Primrose is correlated 
with the Union Valley limestone (not the underlying “Union Valley sandstone’’) 
of the north flank of the Arbuckle Mountains, which is identified as Morrowan 
(probably correlative with Hale deposits on the southwest border of the Ozarks) 
on the basis of ammonoids (Miller and Owen, 1944, p. 418) (Fig. 1). 

The Morrowan Stage, as represented in the Ardmore basin begins with the 
Primrose sandstone and includes alternating thick unnamed shales and the units 
consisting mainly of limestone which are called Jolliff and Otterville members of 
the “Dornick Hills formation” (Tomlinson, 1929, p. 29). The top of the section 
classed as Morrowan is drawn at the base of conglomeratic sandstone, limestone, 
and shale which are included in the Bostwick member of the ‘“Dornick Hills 
formation.” Morrowan fossils in these beds and equivalent Wapanucka limestone 
and shale on the north side of the Arbuckles establish the age of these rocks 
(Mather, 1917; Girty and Roundy, 1923) (Fig. 1). 

Stratigraphical features—Rocks of Ardian age, as previously noted, are sepa- 
rated from those above and below by marked stratigraphic breaks. The type Mor- 
rowan section of Arkansas overlies the Pitkin limestone (Mississippian), the 
Lower Pennsylvanian Springeran Stage being absent. Upper Ardian rocks 
(Kearny) unconformably overlie Mississippian limestone in western Kansas 
(Thompson, 1944; Maher, 1947). Middle or upper Ardian rocks in various areas 
of Colorado unconformably overlie Leadville limestone (Mississippian), erosional 
remnants of Upper Mississippian limestone, or Mississippian? black shales 
(Thompson, 1945). Rocks of possible Ardian age unconformably overlie the Bar- 
nett shale (Mississippian) in the Llano Uplift region of north-central Texas 
(Plummer, 1947). The magnitude of the stratigraphic break at the base of the 
Springeran Stage in the Ardmore basin is not known. Several hundred feet of 
nonmarine black shales occur below the Belden formation in the Uinta Mountains 
that possibly may be of Ardian age (Thompson, 1945). These shales overlie 
eroded Mississippian limestone and unconformably underlie the Belden. Plant 
spores indicate that these shales probably are of late Mississippian or lower 
Ardian age (M. P. Schemel, personal communication). The Amsden formation, 
which is widespread in Wyoming and Montana, unconformably overlies Mississip- 
pian rocks (Fig. 1). 

The stratigraphic break between the Oklan and Ardian is of considerable 
magnitude in most regions. One of the greatest diastrophic disturbances during 
the Pennsylvanian Period occurred near the close of Ardian time. There was 
deformation in the Arbuckle area (Criner Hills), and the ancestral Rocky Moun- 
tains were uplifted near the close of this epoch. Isolated remnants of marine Ar- 
dian rocks remaining after pre-Oklan or early Oklan erosion, include deposits 
called Kearny formation in western Kansas, Glen Eyrie shale in Colorado, and 
Belden formation in western Colorado and Utah. The remnants of the Kearny 
formation and Glen Eyrie shale in western Kansas and eastern Colorado, respec- 
tively, are unconformably overlain by rocks of middle or lateOklan age (Cherokee 
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shale in Kansas, Fountain formation of eastern Colorado). The Belden of central 
Colorado and Utah also is overlain unconformably by rocks of middle to late 
Oklan age (McCoy formation of central Colorado, Hells Canyon formation of 
western Colorado, and upper Morgan formation of eastern Utah). The type 
Morrowan rocks of Arkansas (upper Ardian) are overlain unconformably by 
Winslow sandstone (middle Oklan), and the Wapanucka limestone in eastern 
Oklahoma (upper Ardian) is overlain unconformably by middle Atokan shales 
(lower Oklan) (Fig. 1). 

The Sloan limestone of the Llano uplift occurs as erosional remnants uncon- 
formably below basal Oklan rocks (Marble Falls limestone) on the east side of 
the uplift, and below middle Atokan rocks (Big Saline limestone) on the west 
side of the uplift (Plummer, 1947; Thompson, 1947). 

The Ardian Series seemingly is more nearly complete in its type area of the 
Ardmore basin (nearly 5,000 feet of sediments, Tomlinson, 1929) than is found in 
most regions, excepting perhaps Pennsylvania and West Virginia. The upper part 
of the type section, Jolliff to Otterville limestones, contains abundant conglomer- 
atic clastics, resulting from an uplift of the Criner Hills at the south. The exact 
stratigraphic relationship between the Ardian and Oklan in the Ardmore basin 
is not recorded. 

_ Paleontological features —The Ardian Series contains a marine fauna which 
bears many similarities to the upper part of the Chesteran (Late Mississippian) 
succession. At least in America, several groups of Mississippian fossils, particu- 
larly blastoids and certain types of bryozoans and brachiopods, bear close re- 
semblance to Ardian forms. In fact, the similarity of some fossil forms is such that 
several paleontologists have suggested placing the Ardian in the Mississippian. 
White (1934) recognized the Pennsylvanian aspect of lower Ardian (Stanley and 
Jackfork) flora and correlated all of the Ardian with the lower part of the Potts- 
ville of the Appalachian area. The invertebrate fauna of the Ardian seems more 
closely similar to that of the Pennsylvanian than to that of the Mississippian. 

Fusulinid foraminifers are exceedingly abundant in Ardian rocks of many 
areas. However, the fusulinid fauna is composed almost entirely, if not exclu- 
sively, of forms belonging to Millerella. This genus occurs in rocks of Illinois 
(Cooper, 1947, p. 82), which are considered to be latest Chesteran in age (upper 
Kinkaid formation). It is found also in rocks considered to be of late Chesteran 
age in the subsurface of Mississippi (Mellen, 1947). Furthermore, Millerella 
occurs abundantly in the lower part of the Oklan Series of many areas, less abund- 
antly in the upper part of the Oklan, and sparsely throughout most of the Kaw- 
vian Series. Millerella is the only genus of fusulinids in the Ardian, and the Ar- 
dian may be designated as the Zone of Millerella (Fig. 2). 

The Ardian part of the Pennsylvanian System can be recognized on the basis 
of fusulinids by the great abundance of Millerella to the exclusion of other fusu- 
linids, even though Millerella may be as abundant in younger Pennsylvanian 
rocks as in the Ardian. The distinction between Ardian and post-Ardian Pennsyl- 
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Series ARDIAN OKLAN KAW VIAN 
Stage ||Springeran| Morrowan | Atokan |Desmoinesian| Missourian| Virgilian 
Zone of Mitlterella Fusulina Tréticites 
Millerella ' | 
Profusutinella Trétéectes 
Range Fusulinella Schubertetla 
' Fusulina Wasringetla 
of Wedekindellina Dunbarinella 
Fusulini Loschubertella 
Genera Pseudostatfella 


Fic. 2. Fusulinid zones and range of fusulinid genera in Pennsylvanian rocks. 


vanian rocks is found in the fact that where Millerella is common in rocks of 
later ages, more advanced fusulinids are almost invariably associated with the 
specimens of Millerella. 

Distribution.—Areal distribution of Ardian rocks is surely much more re- 
stricted today than it was during Ardian time. Pre-Oklan and early Oklan erosion 
removed much of the rocks of this age in the Rocky Mountains and in adjacent 
regions. Also, large areas of rocks of Ardian age were undoubtedly removed from 
the northern Mid-Continent region during late Ardian or early Oklan time, or 
both. For example, the lithology and fauna of the Kearny formation of Kansas, 
Glen Eyrie shale of eastern Colorado, and Belden formation of central Colorado 
indicate that probably they were physically continuous with one another origi- 
nally, being joined together by Ardian deposits which now are gone. Only remnants 
of the Lower Pennsylvanian rocks are left in protected basinal areas in much of 
the Rocky Mountain region. The extent to which the Springeran and Morrowan 
rocks of the Ardmore basin were connected during late Ardian time with sedi- 
ments of similar age on the east and north is not known. They probably were 
very widespread. The remnants of Sloan limestone in north-central Texas are 
composed almost entirely of limestone; clastic sediments are negligible. The 
Sloan probably is part of an originally very widespread limestone deposit. 

Rocks doubtfully classed as Morrowan in age occur in southern New Mexico, 
extreme western Texas (Thompson, 1948), and north-central New Mexico 
(Henbest and Read, 1944). The areal distribution of these possible Ardian rocks 
is not known. They may have been very widespread in the southern Rocky 
Mountain region in late Ardian time. 

Rocks of Ardian age probably are widespread in the Appalachian region. 
Seemingly, most of the rocks generally referred to the lower Pottsville are of 
Ardian age. This part of the Pennsylvanian section seems more widely distributed 
throughout the Appalachian belt than younger parts of the system. 
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The distribution of rocks of Ardian age has not been determined in the Cordil- 
leran region. 


OKLAN SERIES (EPOCH) 


Definition and type area.—The Oklan Series is defined to include all Pennsyl- 
vanian deposits between Morrowan and Missourian rocks. The lower and upper 
boundaries of the series are marked by disconformities, which are clearly dis- 
tinguished at many places but very obscure at others. In some areas the Oklan 
formations rest disconformably or non-conformably on pre-Pennsylvanian rocks 
ranging in age from Mississippian to pre-Cambrian. Judgment that the bounda- 
ries of the series, thus marked, are “breaks” having considerable stratigraphic im- 


portance rests on paleontological evidence and on observation of their wide ex- - 


tent. 

Rocks of the Oklan Series seem to be divisible appropriately into two stages, 
for which we use the names Atokan (or Derryan) and Desmoinesian. These are 
distinguished primarily by paleontological characters and differences in geo- 
graphic distribution of deposits belonging to each. Discontinuity in sedimentation 
marks the Atokan-Desmoinesian boundary at some places but is not recognized 
definitely in others. The Desmoinesian strata exhibit both overlap and overstep 
broadly, for successively higher zones of the Desmoinesian Stage are found on 
Atokan rocks and extending beyond them so as to lie on Ardian and pre-Penn- 
sylvanian formations. Nevertheless, uncertainty exists as to proper placement of 
the Atokan-Desmoinesian boundary in the east-central Oklahoma section where 
much additional field work is needed. Perhaps one of the most important un- 
solved problems in this region relates to the relative age of the non-fossiliferous 
highest beds originally included in the Atoka formation near the town of Atoka. 

The stratigraphic relations of deposits classed as Lampasan by Cheney (in 
Cheney e? al., 1945) in north-central Texas, and the significance of these relations, 
are not clear. The data, which are mainly derived from subsurface studies, seem 
to be not only unsupported by paleontological observations but in disagreement 
with them. As applied to the east-central Oklahoma section, the range of uncer- 
tainty in placement of the Lampasan-Desmoinesian boundary and lack of paleon- 
tological support for most of the suggested placements, lead to rejection of Lamp- 
asan as a suitable lower Oklan stage term. Cheney (in Cheney et al., 1945, pp. 
149-56) suggests six different possible boundaries distributed through 2,000 feet 
or more of the section from base of the Hartshorne sandstone to base of the Thur- 
man sandstone. 

As described under discussion of paleontological features, the Oklan Series 
comprises three well defined fusulinid zones (in upward order): Zone of Profusu- 
linella, Zone of Fusulinella, and Zone of Fusulina. The first two of these zones 
distinguish strata correlated with thé Atoka formation, as defined in east-central 
Oklahoma and the adjoining part of Arkansas; the third zone includes overlying 
Oklan deposits. Proposal to draw a stratigraphic boundary within the Zone of 
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Fusulina can not be considered seriously unless there are compelling reasons for 
discounting the fusulinid testimony. We accept the term Atoka(n) (Spivey and 
Roberts, 1946) as a stage name because the evidence of fusulinids points to a 
division of the Oklan Series which assigns rocks older than Hartshorne to one 
stage and younger rocks to another. The Derryan (Thompson, 1942) succession 
of beds in New Mexico has limits which are identical, or essentially so, with those 
of Atokan and has much more abundant fusulinids, but this section is far removed 
geographically from the northern Mid-Continent outcrops which include the type 
Desmoinesian. Rocks belonging to the latter can be traced along the outcrop 
from Iowa to east-central Oklahoma, where they overlie Atokan beds. 

The type area of the Oklan Series, accordingly, is that part of the state of 
Oklahoma which contains the most nearly complete sequence and best exposures 
of Atokan deposits overlain by thick deposits which are laterally continuous along 
the outcrop with the type Desmoinesian. The eastern Oklahoma formations of 
Desmoinesian age probably furnish a more nearly complete record of late Oklan 
time than the Iowa region, where the section is thin. No one composite section 
of Oklan beds in eastern Oklahoma is chosen as type expression of the series be- 
cause significant data relating to definition and characterization of this division 
are distributed from the flanks of the Arbuckle and Ouachita mountains to the 
area of prominent upper Desmoinesian limestones interbedded with shales in 
northeastern Oklahoma. 

Stratigraphical features.—Rocks of the Oklan Series are more widespread in 
North America than those of either older or younger main divisions of the Penn- 
sylvanian System. They unconformably overlie the Ardian in almost all areas 
where Lower Pennsylvanian rocks occur. Not only is the present areal extent of 
Oklan deposits considerably greater than that of the Ardian, but the original 
spread of Oklan is judged to be much larger than that of Ardian rocks. Pre-Oklan 
erosion undoubtedly reduced the areal extent of Ardian deposits, for the latter 
are now found in some regions only as large or small patches beneath younger 
Pennsylvanian rocks. Oklan deposits also have been eroded away, both in pre- 
Kawvian and post-Pennsylvanian time, but they are still the most extensively 
distributed Pennsylvanian series. Oklan rocks overlap on Ardian rocks, and prac- 
tically all ages of Oklan rocks are found in contact with the Ardian. It seems evi- 
dent that the older parts of the Oklan occupy the deeper parts of the Pennsyl- 
vanian basins in the Rocky Mountain and Mid-Continent regions, and that the 
Oklan seas gradually spread in the basins, resulting in gradual overlap of younger 
parts of the series toward the edges of the basins. 

The Oklan Series is overlain by Kawvian strata at many places, but it is more 
widespread in America than the Kawvian Series. In the basin areas of the south- 
ern Rocky Mountains, however, the Kawvian overlaps older Pennsylvanian de- 
posits and is found on pre-Pennsylvanian rocks of the basin margins. It seems 
evident, however, that the Kawvian seas did not extend as far northward in the 
Rocky Mountain area as did those of Oklan time. The comparative extent of 
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Oklan and Kawvian seas beyond the present outcrops of rocks representing these 
epochs in the northern Mid-Continent region is not known. 

An unconformity is recognized between the Oklan and Kawvian in many areas. 
Erosion along this contact locally removed at least 100 feet of upper Oklan rocks 
(Desmoinesian Stage) in parts of Iowa, Missouri, and Kansas (Moore, 1936, p. 
43). An irregular contact is recognized in New Mexico between the Bolander 
group (Desmoinesian) and the overlying Veredas group (Missourian). Fusulinids 
of the lower limestone of the Missourian Stage in New Mexico (Coane formation) 
represent the same species, Wedekindellina? ultimata Newell and Keroher, that is 
abundant in the Bethany Falls limestone of Iowa, Missouri, and Kansas (150-250 
feet above the base of the Missourian Stage in Kansas), the Confederate lime- 
stone of southern Oklahoma, and an unnamed limestone near the base of the 
Missourian sequence in Texas. The rocks below the Bethany Falls limestone which 
are assigned to the Missourian Stage in the Mid-Continent region (Pleasanton 
group) do not seem to be represented in parts of New Mexico. The great faunal 
break between the Desmoinesian and Missourian Stages throughout the United 
States seems to substantiate the conclusion that Oklan and Kawvian rocks are 
separated by an unconformity of considerable magnitude. Furthermore, subsur- 
face studies in eastern Kansas demonstrate. that considerable thicknesses of 
Desmoinesian rocks were removed locally during this interval. In many parts of 
New Mexico, particularly near the Ladron Mountains, a prominent irregular 
surface overlain by clastic Missourian sediments seems to demonstrate a physical 
break between the Oklan and Kawvian of that area. 

The paleontological hiatus between the Oklan and Kawvian is pronounced, 
especially among the fusulinids. None of the many index genera and species of 
fusulinids which characterize the Oklan Series is known to extend into Kawvian 
rocks. Also, many diagnostic brachiopods of the Oklan do not persist into the 
Kawvian. The lower part of the Kawvian Series contains prolific faunas of Triti- 
cites, but the forms representing this genus in lower Kawvian beds evidently are 
not primitive species of the genus. 

Although major stratigraphic breaks within the Pennsylvanian determine 
the upper and lower boundaries of rocks here classed as Oklan Series, two other 
disturbances of lesser importance resulted in major interruptions of sedimenta- 
tion within the Pennsylvanian. One of these occurred near the end of the Atokan 
Age and determines the boundary between rocks of the Atokan and Desmoinesian 
Stages. The other took place near the end of Missourian time and marks the 
boundary between the Missourian and Virgilian Stages. The resulting strati- 
graphic breaks associated with these disturbances have been recognized at widely 
separated localities on the basis of structural discordance, paleontological hia- 
tuses, channeling or erosional surfaces, and stratigraphic gaps. 

The disturbance between the Atokan and Desmoinesian is identified most 
commonly by structural disturbance affecting Atokan rocks but not Desmoinesian 
(as on flanks of the Llano uplift in Texas), gaps in the stratigraphic section, and 
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paleontological discontinuities. Atokan rocks are much more restricted in geo- 
graphic distribution than Desmoinesian rocks. In Oklahoma, on the flanks of the 
Arbuckle Mountains, Desmoinesian rocks (McAlester and younger) overlap 
beveled and folded or faulted Atokan rocks, and Desmoinesian conglomerates 
above the Atokan contain pebbles and cobbles derived from the mountain area. 
In northeastern Oklahoma north of Muskogee, faulting disturbed Atokan rocks, 
and beveled fault-blocks of Atokan rocks are overlain by lower Desmoinesian de- 
posits. 

A discontinuity is recognized between Atokan rocks (Mud Springs group) and 
Desmoinesian strata (Armendaris group) in the New Mexico area (Fig. 1), but 
this break is judged to be rather small. The unconformity between the Atokan 
and Desmoinesian Stages in north-central Texas seems more pronounced than in 
New Mexico. The physical break between Atokan limestone (Big Saline) and 
overlying Desmoinesian shale (Strawn) in outcrops north of the Llano uplift is 
evidently one of some importance. The paleontological discontinuity at this con- 
tact in Texas also is of considerable magnitude, for the Subzone of Wedekindellina 
is in contact with the Zone of Fusulinella of the upper Big Saline. 

Paleontological features——The Oklan Series contains several faunal zones 
which have world-wide distribution and which are readily identified. Many bio- 
logic groups have representatives in the Oklan that are recognized as index forms 
for the series. A number of brachiopods, such as species of Mesolobus, have been 
found to be Oklan zone fossils. The fusulinid foraminifers are abundant through- 
out the Oklan and are generally recognized as among the most reliable of the 
zone fossils belonging to the series. The genera Profusulinella, Fusulinella, Fusu- 
lina, and Wedekindellina are confined in America to rocks of Oklan age, with 
possible exception of a questionable form of Wedekindellina in the Bethany Falls 
limestone and equivalent horizons in the lower part of the overlying Kawvian 
Series. The Oklan Series is divisible faunally into the following fusulinid zones, 
in ascending order: (1) Zone of Profusulinella (lower Atokan), (2) Zone of Fusuli- 
nella (middle and upper Atokan), and (3) Zone of Fusulina (Desmoinesian). The 
Subzone of Wedekindellina comprises the central part of the Zone of Fusulina. 
Many individual species of these four genera are recognized as excellent index 
fossils for identification of smaller units of the Oklan succession. Profusulinella 
is confined to the lower part of the Atokan. Fusulinella is also restricted to the 
Atokan Stage, except for a few forms associated with species of Fusulina, which 
are found in Desmoinesian strata. Definite forms of Fusulina are unknown in 
America in rocks older or younger than Desmoinesian, and this genus ranges 
throughout practically all of the stage. Fusulinids belonging unquestionably to 
the genus Wedekindellina are confined to the middle part of the Desmoinesian 
section (Fig. 2). 

Profusulinella occurs in the lower part of Atokan rocks (lower Atoka forma- 
tion) of eastern and southern Oklahoma, lower Atokan rocks (middle and upper 
Marble Falls limestone and lowermost Big Saline limestone) of north-central 
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Texas, lower Atokan rocks (Green Canyon group) of southern New Mexico and 
extreme western Texas, and in lower Oklan rocks of western Utah and Nevada. 
The most nearly complete sequence in North America of forms classified as species 
of Profusulinella is found in the Green Canyon group of vata Mexico and far 
western Texas (Thompson, 1948). 

The genus Fusulinella is abundant and widespread in upper Atokan rocks of 
North America, representatives of it having been described from rocks of this 
age in Wyoming, New Mexico, Texas, Oklahoma, and South Dakota. So far as 
known, Profusulinella and Fusulinella do not overlap stratigraphically, but 
Fusulinella ranges upward into the lower part of the Zone of Fusulina in Iowa, 
Ohio, Illinois, Colorado, New Mexico, and possibly Kansas and Oklahoma. The 
part of the section in which advanced Fusulinella is associated with primitive 
Fusulina belongs to the Desmoinesian Stage. 

The Zone of Fusulinella is thus recognized to extend from the top of the Zone 
of Profusulinella (lower Atokan) to the top of the Atokan Stage. Fusulinids of 
the Zone of Fusulinella are best known from the type Derryan section of New 
Mexico (Mud Springs group) and in the type region of the Big Saline limestone 
of north-central Texas. The middle Oklan of the Ardmore basin (upper “‘Dornick 
Hills formation’’) contains a prolific fusulinid fauna which represents the Zone 
of Fusulinella. Other areas from which faunas of this zone are known include the 
upper Atoka formation of eastern Oklahoma, lower Reclamation group of 
Wyoming, lower Minnelusa formation of South Dakota, Pennsylvanian rocks of 
western Wyoming, and unnamed Atokan rocks of western Utah. Fusulinids of 
this faunal zone have not been identified from the Appalachian region, but future 
studies almost surely will demonstrate that fusulinids of this zone are present 
in the eastern United States. 

The upper fusulinid zone of the Oklan, the Zone of Fusulina, has been recog- 
nized in the United States from Ohio and Kentucky on the east, to Idaho and 
Arizona on the west. Faunas of this zone are abundant and prolific at many 
places. Perhaps the most nearly complete fauna of this zone is in the highly 
marine and calcareous section of Desmoinesian rocks of New Mexico. 

Primitive Desmoinesian fusulinid faunas have been described from the basal 
Cherokee shale of Iowa, Hells Canyon formation and basal Youghall formation 
of Colorado, lower Tradewater formation of Illinois, and Mercer limestones of 
Ohio. The most advanced Desmoinesian fusulinid faunas are from the Cooper 
Creek limestone of Iowa and Lonsdale limestone of Illinois. An undescribed 
fauna of minute fusulinids belonging to the subfamily Schubertellinae is also 
known from the Lenapah limestone of Oklahoma and Kansas and from rocks of 
similar age in New Mexico. 

Distribution.—Oklan rocks occur throughout most of Oklahoma, Kansas, 
Nebraska, north-central and western Texas, much of New Mexico, Arizona, 
Nevada, Colorado, Utah, Wyoming, southern South Dakota, Montana, southern 
and western Iowa, southern Illinois, Kentucky, northern and western Missouri, 
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southern Indiana, eastern and southern Ohio, southern Pennsylvania, West 
Virginia, and possibly part of Michigan. It is undoubtedly true that large areas of 
Oklan rocks, updip from the present outcrops, have been removed by erosion. 
It seems probable that Oklan rocks formerly covered most of continental United 
States (except for the northern region of the central and eastern states), the Gulf 
Coastal area, the Rocky Mountain land areas, and perhaps a small part of the 
Ozark Highland. It seems probable that rocks laid down during the Oklan Epoch 
were more widely distributed in the United States than rocks deposited during 
almost any other epoch of the Paleozoic Era. 


KAWVIAN SERIES (EPOCH) 


Definition and type area.—Approximately the upper one-third of the Pennsyl- 
vanian System belongs to the Kawvian Series. This part is bounded below by the 
disconformity and prominent paleontological break which separates Desmoinesian 
from Missourian deposits, and its upper boundary is defined by the disconformity 
or angular unconformity which marks the line between Pennsylvanian and Per- 
mian rocks throughout most of North America. The Kawvian Series is typically 
displayed in the area from which the name is derived—the valley of the Kaw 
(Kansas) River in northeastern Kansas. Here, a well exposed, nearly complete 
section is found, and it contains innumerable richly fossiliferous zones, both ma- 
rine and continental. The lowermost Kawvian rocks do not crop out in the Kaw 
Valley itself, but are found farther south in eastern Kansas, and along the Mis- 
souri River a few miles east of Kansas City. 

The Kawvian rocks are divided into the Missourian Stage, below, and the 
Virgilian Stage, above. The boundary between them is drawn at a widespread 
disconformity (or in places, at a strong angular unconformity) which differs from 
the Oklan-Kawvian boundary only in being less well marked paleontologically. 
The Missourian rocks are named from outcrops in northwestern Missouri, the 
best sections being in the vicinity of Kansas City and along the Missouri River 
near Leavenworth, Kansas. The Virgilian rocks are named from outcrops in the 
vicinity of Virgil, in Greenwood County, Kansas. All of the main subdivisions 
and virtually all of the minor subdivisions of the Virgilian Stage are readily traced 
from outcrops in central Kansas to the Kaw Valley and beyond into Nebraska. 
As a whole, the Kawvian Series is remarkably displayed in the regular succession 
of evenly dipping strata in the type area. Here, the many hard rock units form 
east-facing escarpments, one after another in roughly even spacing until that 
formed by the Brownville limestone at the top of the Pennsylvanian is reached, 
beyond which are other escarpments formed by the Permian limestones. The weak 
rocks make plains between the escarpments. 

Stratigraphical features.—Rocks of the Kawvian Series exhibit somewhat more 
marked facies variation than the Ardian and Oklan Series. In the Kaw Valley 
and neighboring territory of the northern Mid-Continent, in north-central Texas, 
and parts of New Mexico, such as the southern Oscura Mountains, the Kawvian 
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deposits are characterized by dominance of marine deposits and prominence of 
limestones. The Oklahoma region and part of Texas near the Red River Valley 
contains a Kawvian section in which nonmarine clastics, including prominent 
red sandstone and shale, predominate. Marine deposits are relatively unimportant 
and limestones are almost lacking. Similar to the Oklahoma Upper Pennsylvanian 
in the prevailing nonmarine character of sedimentation, but differing in unim- 
portance of redbeds and presence of numerous coal beds, are the formations of 
Kawvian age in the Appalachian region; here freshwater limestones are common. 

The stratigraphic relationship of the Kawvian rocks to those of the underly- 
ing Oklan rocks has been discussed. The upper limit of the Pennsylvanian System, 
and therefore of the Kawvian Series, has been drawn at more than a half-dozen 
different horizons during the last 50 years (Moore, 1940). Agreement is now gen- 
eral among American geologists that the Pennsylvanian-Permian boundary be- 
longs at the base of the Zone of Pseudoschwagerina (Wolfcampian, Sakmarian) 
and equivalent Zone of Callipteris (Autunian, lower Rotliegende), and this 
view has concurrence of various Europeans. Consequently, the upper Kawvian 
boundary is placed at a widespread disconformity near the Brownville limestone 
of Kansas and at the base of the Pueblo formation, as now defined, in north- 
central Texas. In western Texas there is an angular unconformity between 
Upper Pennsylvanian deposits of the Gaptank formation and Wolfcampian rocks 
classed as Lower Permian. This unconformity is evidently associated with moun- 
tain-building disturbances which occurred in the Marathon region of western 
Texas at or the near the close of Kawvian time. Wolfcampian rocks overlie the 
beveled edges of the entire Pennsylvanian section and overlap onto the Pre- 
Cambrian in extreme western Texas and southern New Mexico. 

The upper part of the Gaptank formation in the Glass Mountains of Texas, 
which is in contact with Lower Permian, is of middle Virgilian age. Therefore, 
the upper part of the Virgilian is missing in this area. An unconformity of similar 
magnitude is recognized at Abo Canyon and in the northern Oscura Mountains 
of New Mexico. In the southern Oscura Mountains, however, the stratigraphic 
break at the top of the Kawvian seems to have much smaller magnitude. The 
recognized break at the top of the Kawvian in Kansas does not seem to have been 
of long duration. 

Paleontological features—Most faunas of the Kawvian Series are distinctive 
assemblages when compared with the fossils known from Oklan and Wolfcampian 
strata, below and above them. Miller and Furnish (1940) point out that ammo- 
noids of the Upper Paleozoic are distributed in more or less gradational sequence. 
The ammonoid zones of Prouddenites and Uddenites, however, characterize the 
Kawvian strata in parts of North America, although only a few areas contain 
ammonoids in sufficient variety or abundance to make them of stratigraphic 
value. The Canyon formations (Missourian) of Texas locally contains abundant 
ammonoids, including Prouddenites, and the Cisco (Virgilian) also yields numer- 
ous ammonoids, including Uddenites. 
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Brachiopods are abundant throughout the Kawvian Series, but they have not 
been studied in sufficient detail for thorough zonation. Brachiopods probably will 
be among the more important index fossils of the series when studied in sufficient 
detail. 

Fusulinid foraminifers are abundant throughout Kawvian rocks above the 
Bethany Falls limestone or equivalent horizons. Up to the present time, the Kaw- 
vian fusulinids, particularly forms of Triticites, seem to be among the most re- 
liable fossils for local, as well as interregional, correlations of different parts of 
the series. Most fusulinids in the Upper Pennsylvanian are referable to Triti- 
cites, and the Kawvian, as a whole, comprises the Zone of Triticites. Other fusu- 
linid genera represented in these rocks include Dunbarinella, Schubertella, Waerin- 
gella, and Millerella. Although forms of Triticites are present in the overlying 
Wolfcampian rocks, the faunas of the Wolfcampian are dominated by species 
belonging to more advanced fusulinid genera (Fig. 2). 

The early Missourian Triticites have highly elongate shells similar to and 
including T. irregularis (Staff). These lower Missourian forms are surely not prim- 
itive representatives of the genus, and this suggests incompleteness in the record 
of evolving fusulinid forms as seen in Pennsylvanian rocks of North America. The 
most important evidence of the magnitude of the Oklan-Kawvian unconformity 
is obtained from Russia. In that part of Europe a large fauna of primitive Triti- 
cites is found associated with advanced Fusulina or Quasifusulina. These fusu- 
linids occur in a thick section of Pennsylvanian rocks, equivalents of which are 
not recognized in North America. They belong in the hiatus which is observed in 
the American section between youngest known Desmoinesian and oldest known 
Missourian rocks. Triticites exhibits progressive and rapid evolution throughout 
the American Kawvian section, becoming modified in several different directions. 
The most pronounced evolutionary break among the Kawvian Triticites of Kansas 
is at the unconformity between the Missourian and Virgilian Stages. This paleon- 
tological break can be recognized in most parts of America where this part of 
the Kawvian Series contains fusulinid-bearing marine deposits. 

Abundant faunas of Kawvian fusulinids are known from Utah, Arizona, New 
Mexico, Texas, Oklahoma, Kansas, Nebraska, Iowa, Illinois, Missouri, Indiana, 
and Ohio. Less abundant fusulinid faunas belonging to Upper Pennsylvanian 
zones are known from Wyoming and Idaho. The largest and most nearly com- 
plete sequence of Kawvian fusulinids is in New Mexico, although sections at 
different localities must be combined to obtain a complete sequence of these fusu- 
linids. The most nearly complete sequence of Kawvian fusulinids found in a con- 
tinuous section is from rocks exposed along the Kaw River Valley in Kansas. 

Distribution.—Rocks of the Kawvian Series are widespread in North America. 
Marine and nonmarine rocks of Iowa, Nebraska, and northern Kansas inter- 
finger with the thicker, more highly clastic Kawvian rocks of central Oklahoma. 
Those of north-central Texas (Canyon, Cisco) contain many marine beds, but 
prominent channeling is recognized at a number of horizons within the Upper 
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Pennsylvanian sequence, indicating incompleteness of the stratigraphic record 
in this region. The series becomes more highly clastic northward from the 
Colorado and Brazos valleys in north-central Texas into the Red River Valley 
and southern Oklahoma. 

As mentioned already, the upper part of the Kawvian Series of many areas is 
composed mainly of continental clastic sediments associated with a few inter- 
bedded fossiliferous marine rocks. They grade laterally into rocks in which fossils 
are rare or lacking. This condition prevails, for example, in northwest New Mexico 
where Kawvian rocks have been referred erroneously to the Permian. In the cen- 
tral Rocky Mountain area, the age of the upper Fountain formation is not known. 
It may be Kawvian in age. Also, the non-fossiliferous upper parts of the Tensleep 
and Weber sandstones of eastern Utah, Wyoming, and Montana may be partly 
Kawvian in age. Seemingly a large part of the Wells sandstone of Idaho should be 
so classified. Several thousand feet of Kawvian rocks are referred to the Oquirrh 
formation of the Wasatch Mountains (Fig. 1). 

Great thicknesses of Kawvian rocks (upper Naco formation) occur in eastern 
and southern Arizona. Missourian and Virgilian rocks are widespread in the 
Pennsylvanian basins of central and southern New Mexico and on the platform 
area of eastern New Mexico, east of the Pedernal landmass. The Kawvian of 
central and southern New Mexico contains many highly arkosic marine con- 
glomerates and sandstones. Evidently the land areas of New Mexico were re- 
juvenated several times during the Kawvian Epoch. 

Only the lower part of the Kawvian Series contains typical marine limestones 
in east-central United States. The Conemaugh and Monongahela of Pennsyl- 
vania and Ohio probably are entirely of Kawvian age. Eastward from eastern 
Ohio, thin marine zones within the series grade into non-marine or brackish- 
water clastic rocks. Westward from eastern Ohio, the series contains thicker 
marine zones interbedded with nonmarine rocks. 

The fluctuating nonmarine clastics and various marine deposits of Kawvian 
age in most near-shore areas seem to demonstrate diastrophic unrest in Late 
Pennsylvanian time, and the coarseness and arkosic nature of clastic rocks in 
several areas indicate vigorous erosion of intermittently uplifted landmasses. 
Diastrophic movements increased in intensity during late Kawvian time and 
culminated in mountain-making disturbance of some regions, such as Trans- 
Pecos Texas, toward the end of Pennsylvanian time. 


CONCLUSION 


The known physical features of late Paleozoic deposits in North America 
which are classed as belonging to the Pennsylvanian System, including distribu- 
tion, thickness, lithologic characters, and widespread evidence of interrupted 
sedimentation and erosion at certain horizons, indicate appropriateness of di- 
viding these rocks into three main parts classed as series. Physical stratigraphic 
evidence for such division is supported strongly by analysis of paleontological 
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features of the record, especially data furnished by prolific fusulinid faunas which 
are distributed throughout nearly the whole Pennsylvanian succession and show 
evolutionary differentiation along several lines. The three series are here named 
Ardian, Oklan, and Kawvian, in upward order. 

Available information of the same sort which calls for recognition of the 
series, indicates differentiation of lesser time-stratigraphic units belonging to the 
Pennsylvanian System. These lower-rank divisions have the attributes of stages 
and accordingly are so classified here. Each series contains two stages, as follows: 
(1) the Ardian Series (Lower Pennsylvanian) contains the Springeran and Mor- 
rowan Stages; (2) the Oklan Series (Middle Pennsylvanian) is divided into the 
Atokan (or Derryan) and Desmoinesian Stages; and (3) the Kawvian Series 
(Upper Pennsylvanian) is composed of the Missourian and Virgilian Stages. 

Use of the series terms in classifying Pennsylvanian rocks is advantageous in 
that main parts of the system can be designated by convenient short terms, which 
is desirable especially for writing on features of Pennsylvanian historical geology. 
It is also advantageous for designation of Pennsylvanian deposits in some regions 
which can be distinguished as belonging to the lower, middle, or upper part of 


_ the system, but can not be assigned with certainty to a stage. 
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GEOLOGY AND OCCURRENCE OF NATURAL GAS IN ORISKANY 
SANDSTONE IN PENNSYLVANIA AND NEW YORK! 


FENTON H. FINN? 
Pittsburgh, Pennsylvania 


ABSTRACT 


The Oriskany sandstone and Onondaga formation are the principal producing formations in the 
66 gas pools in the Appalachian area. Accumulation is due to favorable structural conditions in most 
of the pools. However, the areas of accumulation caused by stratigraphic trapping are more extensive 
and more than half of the total reserve of gas is in a large field in West Virginia which is productive 
because of interruption in porosity in an updip direction. Total reserves developed to date in the 
Oriskany and Onondaga gas pools are approximately 1} trillion cubic feet. 

Regional conditions have been important to accumulation. Early migration made some parts 
of the Appalachian basin more favorable than others for accumulation of gas in the Oriskany sand. 
Favorable structure seems to have had some effect on sand conditions, as well as providing a means of 
trapping. 

In northern Pennsylvania and southern New York a producing province, including 34 pools, has 
been developed since 1930. These pools are structural traps caused by doming and thrust faulting 
along a series of prominent anticlines. 

The province is described in some detail, and a structure map of the area is presented. 


INTRODUCTION 


The Oriskany sand (Lower Devonian) first became prominent as an important 
source of natural gas in the year 1930. During that year, several important gas 
pools were discovered at widely separated locations. The Wayne-Dundee pool, 
opened in March, 1930, in Schuyler County, New York, was the first one dis- 
covered. In September of the same year a pool was opened in Tioga County, 
Pennsylvania, and at almost the same time the presence of natural gas in the 
Oriskany in the Charleston area of West Virginia was first recognized. Several 
smali pools had been discovered before 1900 in northern Ohio, but the fact that 
they were producing from the Oriskany was not recognized; nor were they given 
much publicity. 

The development of gas in the Oriskany in northern Pennsylvania and south- 
ern New York was spurred by the discovery of gas in the Tully limestone in a 
comparatively deep well, for the area at that time, near Richburg, Allegany 
County, New York. This discovery, which was later proved to be a freak well, 
encouraged interest in the New York area and the subsequent study of the geology 
of the district, which resulted in the discovery of 34 gas pools between 1930 and 
1948. During this period, the large and important West Virginia pools in Kanawha 
and Jackson counties were developed. In 1937, the Summit gas pool near Union- 
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town in Fayette County, Pennsylvania, which produced from the cherty phase of 
the Onondaga, as well as from the Oriskany, was discovered. 


ORISKANY GAS POOLS IN APPALACHIAN AREA 


Sixty-six pools in the Appalachian region produce from the Oriskany or the 
chert. The estimated total reserve of these pools is approximately 1.6 trillion 
cubic feet. The division of this reserve by states is approximately as follows. 


Trillion Cubic Feet 
West Virginia I.100 
Pennsylvania 
Ohio 100 
New York 


This reserve may not appear large in proportion to the effort spent in developing 
it, but the generally high price of gas in the Appalachian area has made it reason- 
ably profitable. 

The locations of the Oriskany gas pools are shown in Figure 1. It will be 
noted that gas has been produced from this formation at widely scattered points 
throughout the Appalachian basin. 


TYPES OF TRAPS FOR GAS ACCUMULATION IN ORISKANY 


Pools have occurred in the area as the result of domal structure, faults, and 
traps caused by sand pinch-outs and the interruption of porosity updip. 

Three important producing areas, namely, the Summit field in Fayette 
County, Pennsylvania, the Davis pool in Tucker County, West Virginia, and the 
Terra Alta pool in Preston County, West Virginia, are on large, intensely folded 
and faulted anticlines. In all of these pools the deformation of the surface beds is 
moderate compared with the intense deformation of the Onondaga limestone and 
the underlying Oriskany and Helderberg. Faults, both upthrust and underthrust, 
are common, and block faults seem to be essential to accumulation. In each of the 
pools, fault blocks which are rarely more than 500~1,400 feet in width but com- 
monly several miles long are present, and natural gas has been trapped in these 
narrow blocks, which are highly fractured and, to some extent, crushed. Porosity 
and permeability are largely dependent on the fracturing and crushing. 

The three fracture-type pools which have been developed to date are all very 
near the center of the basin, and the intense deformation which characterizes the 
older, more competent beds in the Lower Devonian may be due in part to this 
regional position, which is a favorable situation for a tremendous crushing action 
resulting from the thrusting which came from the east.in the Appalachian area. 
The thrusting should have encountered its maximum resistance near the center 
of the present structural basin on these deeper formations. The presence of soft 
shales and salt beds below the competent beds of the Lower Devonian and the 
presence of relatively soft shales in the Hamilton group above these formations 
probably resulted in some amount of solid flow in these softer beds, and thus per- 
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mitted the intense deformation of the competent beds which are between these 
softer formations. 

All the fracture-type pools have found some production in the Oriskany sand- 
stone, suggesting that the original accumulation may have taken place in that 
formation, with the gas migrating into the chert zone above as fracturing took 
place. 

Figure 2 shows in a very general way the structural shape of the Appalachian 
basin on the Oriskany horizon, and the distribution of the pools with respect to 
both their position in the basin and the structural features of the region. 

Forty-one pools have been caused by structural traps. They are scattered 
throughout the region in a northeast-southwest trend near, or northwest of, the 
axis of the basin and nearer the structural front than the other pools. 

The pools caused by stratigraphic traps are at or near the limits of Oriskany 
sand deposition. Figure 2 shows the proximity of the large pools in West Virginia 
and the smaller pools in Ohio to the western limit of the Oriskany sand. The 
Kanawha-Jackson County pool is the result of porosity failure updip a few miles 
from the western limit of the sand. The Cambridge pool in Ohio is very near the 


limit. 


Figure 3, an isopach map of formations between the top of the Tully limestone 
and the top of the Oriskany sandstone, shows the distribution of the gas pools 
with respect to the rate of thickening in this Middle Devonian interval. Practi- 
cally all of the pools are west of the 1,000-foot contour on the isopach map, and 
all are relatively close to the hinge line where the intervals generally start to 
thicken markedly toward the east. This suggests either an early regional migra- 
tion of gas in the Oriskany up the dip, or indicates that the hinge line coincides 
with an ancient shore line in the Oriskany, where more ideal conditions for sorting 
of the sand may have prevailed. The presence of several large structures east of 
the hinge line in central New York which have only a small part of their closure 
area filled with gas seems further to bear out the possibility of early migration, 
which permitted the gas to by-pass these areas before the structures in their pres- 
ent form existed. 

Conditions for favorable structure and the regional position with respect to 
the hinge line on the Tully-Oriskany thickness map are most ideal in the area 
included in Potter and Tioga counties, Pennsylvania, and Allegany and Steuben 
counties, New York. These factors, together with the presence of a large body of 
continuous Oriskany sand limited on the west by a ‘‘no sand” area, thus causing 
a regional stratigraphic trap, undoubtedly account for the presence of numerous 
prolific gas pools. 


ORISKANY SANDSTONE 


The Oriskany sandstone, as encountered in wells in the Appalachian area, is 
generally medium-grained, dark gray to light gray, quartz sandstone. In outcrops, 
the sand is locally conglomeratic in part and in some places contains thin layers 
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of black, mud-like, carbonaceous shale. The formation marks the base of the 
Lower Devonian in part of the region and is near the base throughout the area. 

The sand is widely represented throughout the Appalachian area east of an 
irregular north-south line extending from the Ohio-Pennsylvania boundary near 
Lake Erie to the corner of Kentucky, Ohio, and Virginia. In small areas, the sand 
is absent, and there appears to be a rather large region in northwestern Pennsyl- 
vania where the sand is not present. 

The “no sand” area in northwestern Pennsylvania may coincide with an old 
arch which is pre-Onondaga or pre-Oriskany in age. Figure 3, an isopach map of 
the Tully-Oriskany interval, shows an area of minimum thickness in the interval 
involved (largely Middle Devonian), which is northwest of the ‘‘no sand” area 
and similar to the latter in size and shape. The regional thickening of the De- 
vonian section from northwest to southeast would account for the presence of 
the thinner Middle Devonian section slightly northwest of the area where an 
ancient arch might have caused the erosion of the Oriskany or lack of deposition 
of the sand, depending on whether it was pre-Onondaga or pre-Oriskany in age. 

Figures 2 and 3 indicate the approximate distribution of the sand as it is now 
known. It also shows the position of outcrop near the structural front. 

The Oriskany varies from a few feet to 170 feet in thickness and is commonly 
represented by two members, the upper being somewhat coarser and less calcare- 
ous than the lower member. Gas has been produced almost exclusively in the 
upper member. 

In northern Pennsylvania, the Oriskany lies below approximately 30 feet of 
impure limestone (Onondaga), but in southwestern Pennsylvania and in West 
Virginia approximately 150 feet of chert and siltstone comes between the lime- 
stone and the sandstone. This zone has been called the Huntersville chert by the 
West Virginia Geological Survey. It may be the facies equivalent of the Oriskany 
sand as it is known in northern Pennsylvania. The presence of a bentonite zone 
in the Onondaga limestone at nearly the same distance above the Oriskany sand 
in the northern area as it is above the chert in southwestern Pennsylvania might 
be useful in determining the exact relationship of the two formations in their re- 
spective regions. 

The Oriskany sandstone varies widely in porosity. A large part of the sand 
body seems to be of very low porosity, and many exploratory wells that were 
located properly with respect to structure have failed to produce because of the 
non-porous character of the sand. Where the sand has been productive, it has 
had an average porosity of g per cent. 

The sand is in many places quite permeable. Permeability seems to have been 
augmented in many producing areas by the presence of small open fractures, 
some of which have the character of open joint planes which are partly sealed by 
projecting quartz crystals. The presence of these fracture or slightly open joint 
planes has been the chief reason for the very large open flows in some Oriskany 
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sand wells, and has caused the Oriskany to have a generally higher productive 
capacity than the average producing sand in the Appalachian area. 

In some areas, notably at the Woodhull and Tuscarora pools in New York 
and the Tioga County, Pennsylvania pool, there appears to be a relation between 
porosity and structure. The sand is generally porous only on the high parts of the 
anticline, and much of the pore space is filled with gas, with only a narrow rim of 
salt water surrounding it downdip. Farther down the flanks, the sand appears to 
be non-porous and devoid of both gas and water. One may speculate about the 
reason for this condition. It may mean early movement along the structural 
trends, which resulted in a slight elevation in the rocks at the close of Oriskany 
deposition, thus making it possible for the sand to have been reworked in such 
a way as to bring about better sorting of the material along the high parts of the 
structure. 


NORTHERN PENNSYLVANIA AND SOUTHERN NEW YORK PRODUCING PROVINCE 


The foregoing discussion is concerned with a general description of the Oris- 
kany gas pools throughout the basin and, it is hoped, serves to orient the reader 
with the locations of the various producing provinces and the types of accumula- 
tion with respect to the Appalachian basin as a whole. The remainder of the paper 
deals with the northern Pennsylvania and southern New York area and a specific 
description of the type of structure which has governed the accumulation of gas 
for that important producing territory. 

This province is principally in Potter and Tioga counties, Pennsylvania, and 
Allegany, Steuben, and Schuyler counties, New York. Its southern limit is 35-50 
miles north of the structural front and somewhat less than that distance from the 
center of the present Oriskany structural basin. Figure 4 shows most of the prov- 
ince and the location of the area. The territory included on this map is indicated 
by an index outline on the Appalachian area map (Fig. 1). 

This area first became economically important as a gas-producing province 
in 1930, and most of the pools had been discovered and developed by the end of 
1939. 

REGIONAL STRUCTURAL GEOLOGY 

The northern Pennsylvania and southern New York province is traversed by 
six major anticlinal trends, which are also trends of faulting. From southeast to 
northwest these trends are known as the Wellsboro anticline, the Marshlands 
anticline, the Sabinsville anticline, the Harrison anticline, the Hebron-Ellisburg- 
Woodhull anticline, and the Smethport anticline. 

Gas has been produced on all of these structural trends, excepting the Wells- 
boro anticline. The absence of Oriskany sand in central and western Potter County 
has limited production along the anticlinal trends in a southwest direction. Good 
structures are known in the “‘no sand,” area, and several of them have been tested 
by wildcat wells, which were dry because of the absence of sand. The structure 
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along all of the anticlines is considerably complicated by faults, and the faults 
have undoubtedly played an important part in the accumulation of gas. 

Figure 4 shows the increase in intensity of folding of the anticlines toward the 
southeast as the structural front is approached. For example, the dip on both 
flanks of the Sabinsville anticline in Tioga County is almost twice as steep as 
along the Smethport anticlinal trend in northwestern Potter County and south- 
eastern Allegany County, New York. The faulting is associated with doming 
and may be a part of the mechanics of doming, since displacement seems to be 
greater opposite the high points on the domes. Where faulting has developed 
along the flank of an anticline adjacent to the domal sector, the strike of the fault 
usually continues in much the same direction as the strike near the domal area. 
Where a change takes place in the axial direction of the anticline from northeast 
to east, the faults frequently cross the axis of the fold. This is particular.y evident 
in the Tioga field located in Lawrence Township, and in the Sabinsville field lo- 
cated in Clymer Township, Tioga County. This structural feature has resulted 
in the development of closure in some of the pools where very little closure would 
otherwise have been present. The accumulation in both the Harrison pool and 
the Sabinsville pool is partly governed by this condition. Down-dropped blocks, 
or grabens, occur on the southern flank of the Tioga gas pool and also on the 
southern flank of the Woodhull pool. It is likely that the same condition prevails 
at Sabinsville. However, there is not sufficient subsurface information to prove the 
point. 

The mechanics of faulting seems to be the same throughout the region. It has 
been logically described by S. H. Cathcart (6, p. 19), in the Tioga gas field. 

The effect of part of the fault movement, at least, is definitely known. That it is not an 
overthrust from the south, as might have been expected, is evident but just what the na- 
ture of the movement has been is not so clear. One opinion, based upon the observation 
that displacement at the Meeker well, for instance, is down on the southeast, would clas- 
sify the break as an underthrust. This classification may be objected to on the ground that 
underthrusting commonly implies intensive deformation in which the tangential com- 
ponent of force is the dominant element. The break might more readily be explained as 
controlled by the vertical, rather than by the tangential components of the deforming 
force. This view assumes that most of the thrust to which the Allegany Plateau region was 
subjected was transmitted through the deeply buried but highly competent Cambro- 
Ordovician and older strata; above these rocks there seems to be no thickness of competent 
beds capable of performing the function. If so, the deformation now observed at the sur- 
face might have resulted from forces the major component of which was the vertical one, 
the tangential force being inferior and in effect complementary to the deep-seated thrust. 


Since the foregoing was written by Cathcart, additional subsurface data have 
become available on other structures in the northern province, and all seem to 
bear out his analysis of the faulting. This postulation implies an increase in dis- 
placement at depth, and from the available data on most of the faults, it is known 
that this occurs. Flowage of the salt beds (Fettke, 7, p. 658) and soft, incompetent 
shales of the Salina into the center of the folds undoubtedly contributed to the 
upthrusts. 
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In the State Line pool, in Oswayo and Genesee townships, Potter County, 
and Alma and Willing townships, Allegany County, what appears to be a nar- 
row downdrop fault block has developed on the Oriskany which does not show 
on the Tully limestone 600 feet higher in the section. This is illustrated in Figure 
5, which shows structure on the Tully and on the Oriskany in the State Line pool. 

_The fault planes in most places seem to dip northward or northwestward to- 
ward the axis of the anticline, and most of them are relatively steep. The graben 
between the Tuscarora pool and the Woodhull pool in Steuben County is appar- 
ently bounded by a fault on the south which dips very slightly south. However, 
this fault does not appear to extend upward into the section much above the 
Tully limestone. 

Some of the faulting seems to have developed early in Devonian time along 
lines of weakness. There is a considerable increase in the intensity of faulting at 
the Oriskany horizon over that present at the surface. The major faulting, how- 
ever, does appear to have affected beds of late Devonian age, at least, and prob- 
ably much of the movement may have been as late as the Appalachian uplift. 
Some of the faulting was active earlier than late Devonian, as indicated by evi- 
dence of deformation in beds that were plastic in Middle Devonian horizons, as 
described by W. H. Bradley and J. F. Pepper (2, pp. 33-42). Strong evidence of 
faulting in the surface beds has been found by the writer along the Sabinsville 
anticline, the Harrison anticline, and the Hebron-Woodhull anticline. However, 
where faults do come through the surface rocks, they are much less intense and 
displacement is much smaller than on the Oriskany horizon. 


STRATIGRAPHY 


A generalized geologic section of the northern Pennsylvania and southern 
New York area, taken from United States Geological Survey Bulletin 899-B, is 
shown in Table I. The section shows the relation of the Oriskany sandstone to 
other formations in the region and also includes the principal key beds used in 
mapping the surface geology, as well as the most important stratigraphic markers 
recognized and recorded by the drillers. The strata shown in this table as Oswego 
and Queenston in the lower part of the section have been designated as part of 
the Medina group in the Silurian, whereas these strata have been correlated as 
Ordovician in age in other publications of the United States Geological Survey. 


KEY BEDS 


The principal key beds used in connection with surface geology in this region 
have been the Wolf Creek conglomerate at the base of the Cattaraugus and the 
Dunkirk sandstone. The Wolf Creek is gray to greenish gray, coarse, conglomer- 
atic sandstone, varying from a few inches to 30 feet in thickness and marking the 
base of the red beds in the Cattaraugus. Most of the pebbles are small and al- 
most invariably flat in form. The Dunkirk sandstone, which has been correlated 
by Chadwick as a sandy facies of the Dunkirk shales in western New York, is 
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TABLE I 


GENERALIZED GEOLOGIC SECTION IN SOUTHERN NEW YORK AND NORTHERN PENNSYLVANIA* 


System or Group or — Thickness 
Series Formation Description (Feet) 
: Coarse conglomerate with well rounded pebbles mostly of 
Pennsylvanian | Olean vein quartz. Texture changes rapidly both horizontally and 
vertically into coarse white sandstone 60-70 
| Unconformity | Absence of Mauch Chunk and associated formations 
Knapp | Conglomerate and interbedded shale 60-105 
Fossiliferous olive-green and rust-colored limonitic shales. 
Oswayo Two-foot bed of very fossiliferous limestone near base. Prob- 
eR, os ably small unconformity between Oswayo and Cattaraugus. 
Mississippian or | A few thin beds of sandstone 160-250 
Upper Devonian - 
} Bright red shales with interbedded green or bluish shales and 
‘ fine-grained micaceous sandstones. aoe beds of conglomer- 
| Catskill ate characterize formation. At base is Wolf Creek conglomer- 
| ate. Conglomerates of Cattaraugus beds have flat or discoi- 
dal pebbles, some of Jasper, distinguishing them from Olean 300-650 
| Gray, olive, and bluish shales, some dark purple or chocolate 
Chemung color. Many thin beds of argillaceous sandstone. Lower half 
| of Chemung contains oil-producing sands of the State 1, 200-2 ,000 
Sandstone, flags, and black carbonaceous shales. Has gas- 
| Portage bearing strata I, 200-2,000 
| Genesee Black shale 25-80 
Tully Gray limestone o-50 
« Blue, gray, and olive shales. Basal part, Marcellus black 
| Hamilton shale, as AN is gas-bearing 600-1 ,000 
Onondaga Heavy-bedded limestone, ‘‘flint” of drillers. Gas-bearing 15-75 
| Opck Sandstone. Gas-bearing in Schuyler, Yates, Steuben, and 
Oriskany Allegany Counties 
| Unconformity Absence of Helderbergian formations 
Series of water limes, ——— shales, beds of anhydrite and 
Salina gypsum, rock salt. Red shales at base. Upper portion of series 
| gas-bearing 700-1, 500 
Heavy bedded dolomites. and Guelph. Rochester 
ae | Niagara shale at base is of Clinton age but usually logged with Ni- 
Silurian agara. Gas in Seneca and Ontario Counties 200 
Clinton | Limestones, shales, with thin bed of hematite 30-150 
? Upper 150 feet white and red sandstones (Albion). Most 
Medina prolific gas horizon in state. Main mass red shale (Queens- 
| ton); white Oswego sandstone at base I, 100-1 ,800 
| Lorraine, or “Hudson | A series of alternating beds of sandstones and shales. At base 
| River,” and Utica is Utica black shale 500-600 
Alternating dark limestones and shales. Productive in Onon- 
hnabvittan | Trenton daga, Oswego, Oneida, and Lewis Counties. Many large gas 
| | pockets 700-900 
Tribes Hill and Little | Heavy bedded limestones. Also known as “‘calciferous” for- 
Falls mation. Basal beds in part belong to Cambrian, the bound- 
| | ary being indefinite 100-140 
‘ | A sandstone where present directly overlying pre-Cambrian. 
Cambrian | Potsdam Reported in a few deep wells in western New York. Gas in 
| one or two wells in central New York 10-50 


Pre-Cambrian 


| 


Reported in several wells in western and central New York 


* Adapted from G. B. Richardson, “Subsurface Structure in Part of Southwestern New York and Mode of Occurrence 
of Gas in the Medina Group,” U. S. Geol, Survey Bull, 899-B, p. 71. 
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brownish to chocolate, locally fossiliferous and platy sandstone overlain by soft 
bluish gray Gowanda shales, in places several hundred feet thick. The sharp con- 
tact of the Gowanda soft shales with the underlying sandstone has made the Dun- 
kirk readily recognizable in drill cuttings and on outcrops in the area east of 
Bingham Center in Potter County and throughout Steuben County, New York. 

The Tully, which is the chief stratigraphic marker of the drillers, is gray to 
dark gray, pure limestone, averaging 50 feet in thickness and lying at the base of 
the Upper Devonian series. 

The Onondaga in this vicinity is dark gray, very impure limestone, varying 
in thickness from 10 to 50 feet, and in the western part of Potter County and a 
very few other isolated areas contains some chert and siltstone. Throughout the 
region a persistent brown bentonitic shale is found in the Onondaga and has been 
identified by the drillers as the ‘““‘Brown break.” 


EASTWARD THICKENING OF DEVONIAN 


The entire Devonian section thickens markedly in an east-southeast direction. 
This divergence eastward has been an important factor in the formation of domes 
along the anticlinal trends. The critical direction of closure in this locality is in- 
variably northeast, as very few of the anticlines in their surface expression plunge 
in that direction for any appreciable distance. However, the pronounced diver- 
gence in the Devonian section is sufficient to augment greatly the amount of sur- 
face closure and is common enough to introduce some doming along mildly 
southwest-plunging parts of the anticlines. As nearly all of the producing pools 
have more effective closure at depth than on the surface, they are somewhat 
larger in extent than originally mapped because of this eastward thickening of 
the subsurface formations. Figure 6 illustrates the eastward thickening along the 
Hebron-Woodhull structural trend. 


DISTRIBUTION AND CHARACTER OF ORISKANY SAND 


The Oriskany sand, as already described in this report, is like the sand in this 
northern province. Its distribution is indicated in Figure 4; it extends rather 
continuously throughout the northern half of the area shown by the map. How- 
ever, the sand appears to become much harder east of the region shown and 
also in the southeastern part. The sand in these areas is very fine and very 
closely cemented. There is some evidence in the Tioga, the Sabinsville, the 
Harrison, and the Woodhull-Tuscarora pools to indicate that the sand is more 
porous and capable of acting as a reservoir rock along the crest of the structures 
than elsewhere. The reason is obscure. However, as mentioned previously, there 
may be some relation between this condition and the fact that some of the move- 
ment causing the folding may have been early and, to some extent, coincident 
with the deposition of the Oriskany formation. 
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FORMATION 
Wolf Creek S.S. 60' 

Ounkirk S.S. 979) 658 
Tully L.S. 4718'| 4454, 4054" 3147' 


Onondaga L.s. | 5305’ 


5080'| 4719'| 3914' 


Oriskany S.S. | 5328' 


5104'| 4745'| 3955' 


Niogore L.S. 6270" 
Clinton iron Ore 6891" 
Medino S.S. 6902’ 
Q iton SH. 7066' 
Oswego S.S. 7937' 


ELEVATION | 2230' 


2011'| 1923") 1546' 


TOTAL DEPTH | 5353' 


$124'| 8626° 


ALLEGANY CO. ! 


POTTER CO. 


STUEBEN CO. 


| TIOGA GO. 


SECTION LOCATION GUIDE 


SCALE-500' 


SECTION O-D, 


HEBRON TO WOODHULL SHOWING 
STRATIGRAPHIC RELATION OF 
SURFACE AND SUBSURFACE KEY 
BEDS TO THE ORISKANY 
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GAS POOLS IN NORTHERN PRODUCING PROVINCE 
Thirty-four gas pools have been developed in the northern Pennsylvania and 
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southern New York territory. All but eight of these pools are shown in Figure 4. 


They have varied in size from Ellisburg, with 68 billion cubic feet of reserve, to 


Danby in Tompkins County, with only 70 million cubic feet of reserve. The loca- 
tions of the pools are shown in Figure 1. The total reserve developed in the prov- 


ince is approximately 400 billion, most of which has been produced. 
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Four important production trends have been developed. They include the 
Sabinsville anticline, the Hebron-Woodhull anticline, and the Smethport anti- 
cline, and in recent months the Marshlands anticline in southwestern Potter 
County has become important. The production trends are shown in Figure 4. 
Four pools have been discovered on the Sabinsville trend in Tioga County, 
namely, the Tioga East End, the Tioga West End, and the Meeker pools, which 
are independent of one another because of separation by faulting. Farther west 
in Tioga County the Sabinsville pool occurs along the same axis. 

The Harrison anticline and the Hebron anticline merge in the northeastern 
corner of Potter County, where the Harrison pool is located. This trend con- 
tinues in an east-northeast direction and includes the Woodhull and Tuscarora 


TABLE II 
Data PERTAINING TO GAs POOLs IN ELLISBURG-WOODHULL PRODUCTION TREND 


No. of Wells Total Original Estimated Production 


Pool ————————-_ Acreage Ons Flow Rock Pressure Reserves to Jan. 1, 1948 
Gas Dry MCF) (Well-Head) (MCF) (MCF) 
Ellisburg 34 6 5,400 772,700 2,125 68,050,000 66,799,525 
Hebron. 35 3 4,000 493,300 2,190 43,995,000 43,700,301 
West Bingham 5 3 1,200 22,300 1,540 6,025,000 5,310,707 
Bingham 6 6 1,300 25,700 1,175 2,675,000 2,557,438 
Total 80 19 11,900 1,314,000 120,745,000 118,428,061 
Champlin 2 8 400 3,650 2,130 Est. 505,000 462,312 
Harrison Field 
East End 22 3 7,000 144,500 2,140 27,850,000 27,201,516 
West End 7 5 1,200 68,400 2,115 Est. 5,000,000 5590,545 
Brookfield 3 3 1,000 3,000 2,090 940,000 556,016 
Total 32 9,200 216,500 341390,000 33,348,017 
Woodhull 47 4 75500 469,900 11,950 34,050,000 335522,936 
Tuscarora 10 10 1,500 76,200 2,020 5,610,000 5»524,506 
Ulysses 5 7 500 2,300 2,310 1,275,000 903,762 


pools near its eastern terminus. West of the Harrison pool, along the Hebron an- 
ticline, is the Hebron pool, the Ellisburg-West Bingham-Bingham Center pool, 
and the Champlin pool. There are 11 pools along this trend, and essential data 
on them are shown in Table II. A total reserve of 196 billion has been developed 
in these pools. This represents approximately half of the gas found in the entire 
producing area to date. 

A subsidiary trend of production is shown by two pools, one of which is in 
West Union Township and the other near Jasper in Steuben County. On the 
northwest are the Sharon, State Line, Beech Hill, and Greenwood pools, along 
the axial line of the Smethport anticline. These pools are characterized by con- 
siderable faulting, which does not appear to extend through to the surface, ex- 
cepting near the Greenwood pool, where faulting evidence active in Upper De- 
vonian is apparent. The gas pools along this anticline, unlike those in the other 
trends, appear to be in contact with a vast area of salt water downdip, and this 


| 
LS. 
: 
tON ORE 
N SH. 
a. 
. 


| 


NATURAL GAS IN ORISKANY SANDSTONE, PA. AND N.Y. — 323 


water is slowly encroaching on the depleted pools and may eventually flood 
them out. 

The exact amount of reserve in the pools along the Smethport line of folding 
is not known to the writer but it is approximately 100 billion cubic feet. Because 
of the occurrence of numerous faults, the development of production has been 
attended with a great amount of dry-hole expense. 

Gas was first found and produced along the Marshlands anticline in south- 
western Potter County, in Wharton Township in 1933, and the pool has been 
called the Wharton pool. The early wells were all very small in open flow and did 
not encourage rapid development of the area. However, the staying qualities of 
the production over the years have resulted in slow development of the region. 
Early in 1948 a well making 8 million cubic feet was brought in west of the earlier 
wells and subsequently several good wells have been drilled. The pool, with six 
drilling wells, is at present the most active in the northern Oriskany territory. 


HEBRON-ELLISBURG-HARRISON-WOODHULL TREND 


The Hebron-Ellisburg-Harrison-Woodhull trend has been selected as repre- 
sentative of the northern producing area, and detailed structure maps and cross 
sections showing the geology of the pools along it accompany this report. The ex- 
ceptional features of each are briefly described. 


HEBRON AND ELLISBURG POOLS 


The Hebron and Ellisburg pools are in the northern half of Potter County, 
with the producing area traversing the county from a point near Hebron toward 
the northeast, through Ellisburg and Bingham Center. A surface structure map 
of the Hebron-Ellisburg area and a part of the merging Harrison anticline is 
shown in Figure 7. This structure map is contoured on the approximate horizon 
of the Wolf Creek conglomerate, which in this region marks the contact of the 
Catskill with the underlying Chemung formation. The map is based on key-bed 
surface geological work done by the writer in 1932. It may be approximate in 
places, as outcrops were not plentiful, and many data are based on the elevation 
of the upper limits of fragments of the principal key bed and changes in the char- 
acter and color of the soil which occur at the boundary of the Catskill and 
Chemung. 

Surface structure—The Hebron-Ellisburg pool is on the Hebron anticline, one 
of several prominent northeast-southwest axial trends in the area. The anticline 
is faulted on the southeast flank. The surface trace of the fault is 1} miles south 
of the anticlinal axis. The displacement along the fault on the surface appears 
to be 300 feet, but a large part of this may be associated with drag on each side 
of the fault. The fault is typical of the region in that its plane dips toward the 
axis at a comparatively high angle, and it appears to be the result of upward 
components of force associated with deep-seated thrusting. 

The rate of dip on the flanks of the anticline not affected by faulting is nearly 
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150 feet to the mile on the surface beds. The total reversal on the north is 500 
feet, and on the south the beds, through dip and faulting, are 8co—1,000 feet lower 
than on the anticline. On the surface beds there is approximately 100 feet of 
closure on the dome south of Hebron Center, and only 50 feet or less of closure 
on the larger Ellisburg dome and the two minor domes at West Bingham and 
Bingham Center. The latter two features are a part of the main Ellisburg closure 
at depth. 

Subsurface structure-—The structure on the producing Oriskany sand is 
shown in Figure 8. The general shape of the structure on the Oriskany is similar 
in most respects to the surface picture. However, because of the northward dip 
of the fault plane, the subsurface trace of the fault is approximately { mile 
northwest of its surface trace and, consequently, much nearer the subsurface 
axis of the anticline, which does not shift appreciably from its surface position. 
The fault is stronger in depth with greater displacement—approximately 500 
feet, including drag. There is also some additional faulting which was not ap- 
parent on the surface, and a small domal anticline, resulting in a small pool, oc- 
curs south of the fault opposite the main Hebron dome. A similar feature of 
doubtful closure is found south of the Ellisburg high. The latter features were not 
apparent in the surface structure, unless the terrace south of the surface fault is 
a reflection of the low reversal. 

The rate of dip is intensifjed with depth, being as high as 300 feet to the mile 
on both flanks of the fold. This, no doubt, reflects the fact that the structure 
has been active from time to time since early Devonian or before, and it also may 
be due, in part, to flowage into the center of the fold of the softer and more 
plastic shales and salt beds. 

The general regional thickening of the Devonian beds toward the east and 
southeast has had a pronounced effect on the closure. The Hebron dome has in- 
creased in closure from roo feet to 150 feet or more, and the Ellisburg dome and 
the minor highs on the east have merged into one large closure with 150 feet or 
more of dip in the critical eastward direction. 

Figure 9, a cross section near Hebron Center across the axis of Hebron anti- 
cline, shows the relationship of the surface structure to the structure as expressed 
on the Oriskany. The increase in intensity of folding is apparent in this section, 
and northwestward dips of the fault plane may also be seen. The faulting seems 
to be an upthrust of the type described by Cathcart in the Tioga pool. 

The relation of structure to topography is apparent on the cross section. The 
anticlinal area, where the softer Catskill and Chemung formations are exposed, 
has been eroded to a lower level than the flanks and the synclinal areas where 
the harder rocks of Pocono and Pottsville age are exposed. 

Sand Conditions—The Oriskany sand varies in thickness from 30 feet to no 
sand in the Hebron-Ellisburg area. The accumulation is limited on the west by 
a pinch-out_of the Oriskany sand, as the structure remains high enough to pro- 
duce for several miles beyond the westward limits of the sand. The sand is typical 
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Oriskany of a dark gray color, with average porosity of 10 per cent. Permeability 
seems to have been good throughout the pool, as the wells were uniformly above 


average in open flow. 
Production and reserves.—A total reserve of 121 billion has been developed in 
the Hebron-Ellisburg region. Pertinent statistics are shown in Table II. 


HARRISON FIELD 


The Harrison gas field, composed of three separate pools, is in the north- 
eastern part of Potter County and the northwestern part of Tioga County. It 
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occurs on the Harrison and Hebron anticlines at the point where the two trends 
merge. It is approximately midway between the Ellisburg pool and the Woodhull 
pool. 

Surface structure-—A structure map on the shallow Dunkirk sandstone is 
presented on Figure 1o. The Dunkirk sandstone occurs at very shallow depths 
in the Harrison area. The control for the structure map has been obtained from 
sample studies of the cuttings from wells drilled to the Oriskany and from shallow 
spudder holes which were drilled to fill in the structural picture where needed. 

The structure on the Dunkirk sandstone reflects the effect of the merging of 
two anticlinal trends from the west and southwest. The structure is almost mono- 
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clinal in form, with two broad northeast-southwest parallel terraces. The more 
easterly terrace has a very small amount of closure on it at the Dunkirk sandstone 
horizon. There is no evidence that the faulting which characterizes the Harrison 
pool at depth comes through to the shallow beds. However, the small re-entrants 
and interruptions in the northwest dip are probably surface reflections of the 
deeper faulting. Even without proof of faulting, the eastward thickening of the 
Devonian section indicates the presence of more closure at depth, since this 
thickening is in the critical eastward direction. 

Subsurface structure-—A subsurface map contoured on the Oriskany sand is 
shown in Figure 11. This map presents a very interesting contrast with the sub- 
surface map on the shallow Dunkirk sandstone. Several faults, all of the upthrust 
type, traverse the gas pool. These faults have separated the producing areas into 
three separate pools and possibly a fourth. The small closure in the extreme north- 
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western part of Harrison Township has been called the West End Harrison pool, 
and the larger closure in the north-central part of the same township has been 
called the East End Harrison pool. The small closure east of Brookfield has 
formed the Brookfield pool. The last pool has very tight sand conditions and 
has not been very productive. In addition to these three pools, what may be a 
fourth in West Union Township, Steuben County, New York, has one small pro- 
ducing well in it. 

The fault separating the West End Harrison pool from the East End Harrison 
pool has a very small amount of displacement, but it is sufficient to separate the 
producing areas. Production apparently continues in both pools to the fault plane, 
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the fault acting only as a means of preventing migration from one to the other. 

The fault pattern in the Harrison pool differs somewhat from those in other 
pools in the northern region. This is, undoubtedly, due to the fact that two anti- 
clines and their related faulting come together at this locality. Conséquently, the 
faults seem to fall into two groups, one paralleling the northeastward-trending 
structure southwest of Ulysses, and the other group parelleling the more east- 
ward-trending Hebron and Woodhull part of the anticline. It appears that the 
fault passing west of Brookfield is related to the large flank fault on the Brook- 
land (Ulysses) structure at the south. In the vicinity of Brookland this fault is 
well developed, both at the surface and subsurface. In addition to the intersection 
of the two anticlines, there is a change in axial direction from northeast to east- 
northeast, and the anticline continues east-northeast into New York beyond 
Addison, where it fades out. This change in axial direction seems to apply to most 
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of the anticlines south of the Hebron-Woodhull structure and, undoubtedly, is 
a reflection of the change in strike direction of the structural front farther south 
in Lycoming County. 

Figure 12 shows the structure and faulting in the Harrison area as they have 
been determined from subsurface studies. It can be seen that the only evidence 
of faulting apparent on the Dunkirk sandstone is the development of a slight 
terrace or very shallow syncline above the plane of the fault. It seems possible 
that this faulting may have been active in early Devonian time and possibly as 
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late as Upper Devonian, but apparently it did not affect the beds from the Dun- 
kirk sandstone and higher. It is possible, of course, that the faulting may have 
developed later and was absorbed by the shales of Portage and Hamilton age, 
and at depth it might be much more intense than is apparent in the Oriskany 
sand. 

Sand conditions—The Oriskany sand in the Harrison field was much harder 
and less porous than in most of the gas pools in the region. For the most part, 
the dry holes did not contain salt water, and the producing part of the sand was 
exceptionally thin. The sand in this pool seems to be more porous and permeable 
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high on structure, and apparently there is some relation between structure and 
porosity. 

Production data.—Forty-three wells have been drilled in the Harrison field 
and the reserve developed in the three pools which comprise the field is as follows: 
East End Harrison, 27.8 billion; West End Harrison, 5.6 billion; Brookfield, 0.9 
billion cubic feet. 

The pool actually covers more area than most of the others in this province, 
but the relatively tight sand and lack of producing thickness resulted in the 
smaller reserve in the field. 
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WOODHULL-TUSCARORA GAS FIELD 


The Woodhull-Tuscarora gas field, in south-central Steuben County, New 
York, near the village of Woodhull, is made up of two pools, the Woodhull and 
the Tuscarora. Woodhull, the main pool, was discovered in May, 1937. It is 
north of the large flank fault which parallels the axis through a point just north 
of South Addison. The Tuscarora pool was discovered in November, 1944; it is 
much smaller than the Woodhull area. This pool is an accumulation in a small 
dome against a down-dropped fault block. 

Structure.—Figure 13 is a surface structure map of the Woodhull area con- 
toured on the Dunkirk sandstone. The surface structure was mapped by the 
writer in 1933. The Dunkirk sandstone and the underlying Nunda sandstone were 
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the principal key beds, and numerous exposures were available. The structural 
picture as shown is thought to be reasonably correct. 

Figure 14 shows the subsurface structure, contoured on the top of the Oris- 
kany sand. There is much similarity of structure between the surface map and the 
subsurface map, but the contrasts between them are the most interesting feature. 
On the surface structure only one fault is present—the main flank fault south of 
the Woodhull pool. On the surface, this fault has approximately 250 feet of dis- 
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placement, whereas on the subsurface there appears to be 500 feet of displace- 
ment. 

The fault which forms the northern boundary of the Tuscarora pool does not 
appear at the surface. It is interesting to speculate on the fact that the displace- 
ment at the surface is approximately equal to the difference between the subsur- 
face displacement south of the main fault and the subsurface displacement be- 
tween the down-dropped block and the adjacent Tuscarora gas pool. It is pos- 
sible that the fault north of the Tuscarora pool was active earlier than the main 
fault which it intersects. There seems to be some evidence to indicate that this 
fault may have been active even before Oriskany deposition and that there may 
have been some activity along the fault immediately following the deposition of 
the Oriskany sand. This movement may have permitted the Oriskany to be sub- 
jected to sorting by wave action on the crest of the Tuscarora dome, which caused 
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the sand to be more porous there than along the flanks. The presence of some 
chert and siltstone between the Oriskany sand and the Onondaga limestone ad- 
jacent to the fault on the Tuscarora block may have some relation to the fact 
that the block was active during or shortly after Oriskany deposition. Little 
porosity appears on the Tuscarora block, excepting in that part of it which is 
filled with gas. The downdip wells have been either dry or have shown very small 
amounts of salt water. 
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Figure 15 displays the faulting and folding in the Woodhull-Tuscarora area. 
The two pools are separated by a down-dropped block or graben, and only the 
one major fault extends to the surface key beds at the horizon of the Dunkirk 
sandstone. A comparison between the surface and subsurface structure maps 
shows very clearly that the structure is much more pronounced on the Oriskany 
sand than is true on the Dunkirk sand 4,500 feet higher in the section. It is be- 
lieved that this difference in intensity of structure is due to early activity along 
the anticlinal trend, which involved the lower beds in more folding and faulting 
than the upper beds. 

As is true with most of the structures in this province, the closure on the 
Woodhull pool has been improved at depth because of the divergence of the beds 
between the Dunkirk sandstone and the Oriskany toward the east. The eastward 
closure on the surface beds is only 75 feet, whereas, it has increased to approxi- 
mately 300 feet at the horizon of the Oriskany sand. 

The details of structure on the Tuscarora pool were not apparent from the 
surface structural mapping. The only evidence of structure is the presence of a 
terrace south of the surface trace of the fault. On the Oriskany horizon a small 
dome is apparent just south of the reverse fault which bounds the Tuscarora 
pool on its north side. 

Sand conditions —The Oriskany sand is present with a thickness of approxi- 
mately 30 feet throughout the Woodhull and Tuscarora pools. However, it ap- 
pears to be porous only part way down the flank of each of the folds. Even along 
the crest of structure, sand conditions seem to have varied locally. The eastern 
end of the structure generally seems to have been characterized by rather poor, 
tight sand. 

In the Woodhull pool proper some salt water was found in the wells adjacent 
to the gas-water contact, but several of the wells which were drilled farther down 
structure found neither gas nor water. 

In the Tuscarora pool, very little porosity was evident beyond the limits of 
the actual gas accumulation. 

Production data.—Fifty-one wells were drilled in the Woodhull pool, of which 
four were dry. In the Tuscarora pool 10 gas wells and 10 dry holes were drilled. 
The reserve of the Woodhull pool was approximately 34 billion and of the Tus- 
carora pool 5.6 billion. Both pools are practically depleted, since they have pro- 
duced 33.5 billion and 5.5 billion cubic feet of gas, respectively. 
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CONCLUSION 


The Oriskany gas pools in northern Pennsylvania and southern New York 
have been an important source of natural gas in the Appalachian basin. The 
structural geology of the region is much more complex than was previously con- 
sidered likely in the Appalachian area. Gas has been produced in pool after pool 
in territory that was formerly thought to be unfavorable for production because 
of high carbon ratios. 
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There are other provinces, in part similar to this one, in the Appalachian area, 


and future exploration should yield additional reserves of gas, both from the 
Oriskany and deeper strata of the Silurian and Ordovician formations. 
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STRATIGRAPHIC ACCUMULATION IN JACKSON-KANAWHA 
COUNTIES AREA OF WEST VIRGINIA! 


A. H. McCLAIN? 
Charleston, West Virginia 
ABSTRACT 


The Jackson-Kanawha Oriskany gas field is in Jackson and Kanawha counties, West Virginia. 
The main pool extends north from Charleston in a broad tapering belt 15 miles wide at Sissonville and 
2 miles wide in northern Jackson County. The Blue Creek pool is 8-12 miles northeast of Charleston 
in a band 4 miles long and 3 miles wide. The Boone County-Campbells Creek pool is on the Warfield 
anticline 6 miles south of Charleston in a belt 12 miles long and 3 miles wide. On January 1, 1948, 
the total area developed was 193,000 acres, and the total gas produced was 721,482,555 MCF. At 
that time 1,239 wells had been completed to the sand, of which 1,076 were saved as gas wells and 163 
were dry holes. The 1,076 gas wells have produced an average of 670,523 MCF per well. It is estimated 
that the field is 75-80 per cent depleted and that the ultimate production will be 910,000,000 MCF, an 
average of 4,715 MCF per acre. 


INTRODUCTION 


The scope of this report includes only the Oriskany sand producing area of 
Jackson, Kanawha, and Boone counties, West Virginia. This field is, at present, 
divided into three distinct pools; the Jackson County-Sissonville, the Blue Creek, 
and the Boone County-Campbells Creek pool. The entire area comprises 193,000 
acres. On January 1, 1948, 1,239 wells had been completed to the Oriskany sand, 
of which 1,076 were saved as gas wells and 163 were completed dry. The total 
open flow developed was 5,500,000 MCF. As of January 1, 1948, these wells 
produced 721,482,555 MCF, an average of 670,522 MCF per well. 


HISTORY 


I. C. White, at the time State geologist of West Virginia, identified the 
Oriskany sand in a well completed late in the year 1912 by the William Seymore 
Edwards Oil Company on the Slaughters Creek Coal and Land Company tract. 
This was the first well to penetrate the Oriskany sand in West Virginia and had 
much to do with opening the large Oriskany sand gas field of Jackson and Kana- 
wha counties. 

The first gas well in the Oriskany sand was completed by the United Fuel 
Gas Company on the Black Band Coal Company property on Davis Creek, 
Kanawha County, September 25, 1930. This well was located by Leon J. Pepper- 
berg and George W. LaPeire, geologists of the United Fuel Gas Company, on the 


1 Read before the Association at Pittsburgh, October 4, 1948. Manuscript received, November 11, 
“aa Published by permission of L. L. Kohlbecker, general manager, Owens, Libbey-Owens Gas 
partment. 


2 Chief geologist, Owens, Libbey-Owens Gas Department. The writer acknowledges the assistance 
of the geologists of the Charleston area in compiling this report, especially: A. H. Smith, assistant 
geologist, Owens, Libbey-Owens Gas Department; D. C. McDowell, draftsman, Owens, Libbey- 
Owens Gas Department; W. B. Maxwell, geologist, United Fuel Gas Company; Jack L. Hutchinson, 
draughtsman, United Fuel Gas Company; H. J. Simmons, Jr., geologist and general superintendent, 
Godfrey L. Cabot, Incorporated; H. J. Wagner, engineer, West Virginia Public Service Commission; 
and O. L. Fitz Randolph, safety director, Godfrey L. Cabot, Incorporated. 
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Warfield anticline after an extensive investigation of Oriskany sand wells drilled 
in Ohio by the Ohio Fuel Gas Company and other operators in the Cambridge gas 
field. Soon after this well was completed, the depression following the first World 
War slowed the search for Oriskany gas to almost a standstill. 

Paul Grosscup and others drilled three small Oriskany sand gas wells on the 
waters of Cooper Creek of Elk River in 1932 and 1933. Few gas operators paid 
any attention to these wells. At 5:00 A.M. on October 12, 1934, Paul Grosscup 
brought in an oil well on the W. L. Burdette farm that put 165 barrels of oil in 
the tanks and much more on the ground in 18 minutes. From then on it was not 
hard to interest oil and gas operators in Oriskany sand development. Grosscup 
originally made this location of the W. T. Copen farm, 2,600 feet due north of the 
oil well. 

There is an interesting story behind this location which shows how many 
small operators in West Virginia make their locations. Copen did not want 
Grosscup to haul his rig across his farm, and Burdette said he would not only 
haul the rig free but it could be placed anywhere on his farm. Therefore, that is 
where the location was made. 

Godfrey L. Cabot completed the first well in the Campbells Creek area on 
the Campbells Creek Coal Company, March 1, 1935. 

The Columbian Carbon Company brought in a seismograph crew and located 
the first well of any size in the Coopers Creek area on the W. F. Copenhaver 
farm September 18, 1935. This well had an open flow of 2,630 MCF and an in- 
itial rock pressure of 1,940 pounds. 

The first well in the grapevine area was completed by the West Virginia Gas 
Corporation after W. O. Ziebold had drilled it to the Big Injun formation. This 
well was completed, April 23, 1936, with an open flow of 6,242 MCF and an orig- 
inal rock pressure of 1,880 pounds. 

The first well in the Sissonville area was completed by Godfrey L. Cabot, 
June 15, 1937, on the J. E. and M. D. Good farm. This was the first of many of 
the 20,000-MCF wells drilled in this area. It was also the first well on which a 
man was killed. The first wells were completed with very few of the safety devices 
later employed. Several bad well fires resulted. 


STRUCTURE 


All of the supe can be classified as stratigraphic trap fields. A stratigraphic 
trap is defined as “‘one in which a variation in the stratigraphy is the chief con- 
fining element in the reservoir which traps the oil or gas.’’® 

The section DD’ made from sand sample records of the Owens, Libbey- 
Owens Gas Department shows the thickening of the Devonian shales and mud- 
stones on the east. This thickening amounts to 34 feet per mile due east. The gas 
is trapped in the updip edge of the sand where the pay disappears. 


3 A. I. Levorsen, Stratigraphic Type Oil Fields, Foreword, Amer. Assoc. Petrol. Geol. (1941). 
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Fic. 2 (East part).—Section DD’, showing thinning of Devonian shales from Wayne County, 
West Virginia, to Kanawha County, West Virginia. Mississippian limestone to White Medina sand 
sample well records. Approximate horizontal scale: 1 inch equals 16 miles. Vertical scale: 1 inch equals 
200 feet. 
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Fic. 3.—Section AA’. Vertical scale: 1 inch equals 350 feet. Horizontal scale: 1 inch equals 14 miles. 
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JACKSON COUNTY-SISSONVILLE POOL 


The main pool, or the Jackson County-Sissonville field, is at present 37 miles 
long north and south and varies in width from 15 miles at Sissonville to 2 
miles in northern Jackson County. The main part of the pool is on the “‘Sisson- 
ville high” with an axis nearly parallel with the N.45° E.-S.45°W. axis of the War- 
field anticline. This pool contains 157,000 acres. A small isolated extension south 
of Cooper’s Creek of Elk River contains an additional 2,500 acres. The eastern 
boundary of this pool is more or less defined by the negative 4,240-foot contour on 
top of the Devonian, or so-called ‘‘Corniferous lime.” Water is commonly found 
in the sand below this level, although some water wells were found over much of 
the northern extension of this pool in Jackson County, trapped in low places in 
the sand. The western and southern boundaries are defined by the pay pinching 
out or the sand becoming calcareous or fine, and a series of dry holes has been 
drilled along this boundary. However, isolated islands of production have been 
found and may continue to be found along the western boundary. Some wells 
are being drilled north of this pool. These wells have lost several hundred pounds 
of rock pressure in a short time and a northerly extension is not very promising. 


CAMPBELLS CREEK-BOONE COUNTY POOL 

The Campbells, Creek-Boone County pool was the first developed. The pool 
containing 24,000 acres is on the top of the Warfield anticline between the nega- 
tive elevation of approximately the 3,500- to 3,800-foot contours on top of the 
Devonian limestone. 

Water is found on the southeast flank and the pay pinches out or becomes 
calcareous on the southeast. The pool is primarily located on this structural high 
and may be classified as both a sand-trap field and an anticlinal field. 


BLUE CREEK POOL 

The newest pool to be developed is the Blue Creek pool which is part of that 
area covered by the old Blue Creek oil field. The first well drilled was on the 
Edward Gebhart farm and was completed by the United Fuel Gas Company, 
December 11, 1944. This well had an open flow of 10,560 MCF and an initial rock 
pressure of 1,900 pounds. This rock pressure corresponds with the original rock 
pressure in the Sissonville pool and not the Campbells Creek pool which was 
1,295 pounds. This difference in rock pressure between these two pools has caused 
much speculation, as the 400 feet difference in elevation between the pools would 
not account for the approximately 600 pounds difference in rock pressure. As 
both pools are on the Warfield anticline, they must be classified as both anti- 
clinal fields and stratigraphic-trap fields. A fault may exist on the southern edge 
of this pool in the Simmons Creek area. This may account for the difference in 
rock pressure. 

SECTIONS 

Section DD’ shows the thinning of the Devonian shales from Wayne County, 

West Virginia, to Kanawha County, West Virginia. Well No. 697 of the Owens, 
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Libbey-Owens Gas Department shows the Devonian shales from the top of the 
Berea sand to the top of the Devonian limestone to be 1,225 feet thick in Wayne 
County, while the same formations are 3,077 feet thick in the record of Weir 
No. 77 of the Falling Rock Cannel Coal Company. 

The Oriskany sand is not well enough developed to be recognizable in well 
No. 2 located in Lincoln County, West Virginia. No attempt has been made to 
locate definitely the western boundaries of the Oriskany sand, as too little sand 
sample evidence is available. It is completely absent somewhere in Lincoln 
and Putnam counties. 

Sections AA’, A’B, BB’, and B’C are shown together as they were made to 
link the various pools together. 

Section AA’, made from north to south through the middle of the producing 
area, Shows the variation in thickness of the Devonian limestone section above 
the Oriskany sand and the sand body itself. 

In this section the Devonian limestone above the Oriskany varies from 98 
feet to 118 feet. This section thickens eastward, becoming as much as 140 feet 
thick in Lewis County, West Virginia. 

The Oriskany sand is divided into two sands by a 5 to 10-foot limestone. The 
upper sand is 42-57 feet thick and is the ordinary pay sand. The pay is commonly 
20 feet thick in the middle of the field, but is split in lesser pays toward the edge 
of the field. 

Section A’B is made from east to west from the Jackson-Kanawha pool to 
the Blue Creek pool and shows the Blue Creek pool to have nearly the same 
characteristics as the Jackson-Kanawha pool. 

Section B’B’ was made from northeast to southwest from the Blue Creek 
pool to the Campbells Creek. It shows the Campbells Creek pool to be in the 
upper sand of the Jackson-Kanawha and Blue Creek pools. The pay is much 
thinner and is ordinarily in the top of the sand. 

Section B’C is from the Campbeils Creek to the Boone County pool. The 
Boone County pool has nearly the same characteristics as the Campbells Creek 
pool. 

SUMMARY 


The total area of all four pools is at present 193,000 acres. The total gas pro- 
duced by all companies as of January 1, 1948, is 721,482,555 MCF, or an average 
of 3,738 MCF per acre. It is estimated that the field is 75-80 per cent depleted 
and that the ultimate production will be 910,000,000 MCF, an average of 4,715 
MCF per acre. 

In early development of the field, wells were drilled on an average of one to 
each 50 acres, but Government regulations, due to the war, enlarged this spacing 
to one well on 160 acres and forced the operators into a more sensible develop- 
ment of the field. 
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DISCUSSION 


BURIED TOPOGRAPHY, INITIAL STRUCTURES, AND SEDIMENTATION 
IN SANTA ROSALIA AREA, BAJA CALIFORNIA, 
MEXICO—A CORRECTION?! 


IVAN F. WILSON? 
Mexico City, Mexico 


M. E. Touwaide has been kind enough to point out that the writer misinterpreted his 
views about the origin of structures in the Santa Rosalia area, Baja California, Mexico, 
and that he agrees with the writer’s conclusions that they are largely initial structures due 
to buried topography. On p. 1795 of the paper’ in question, the writer stated: “Effects of 
differential compaction . . . can not be the sole cause of the structures as was apparently 
thought by Touwaide (1930, p. 125).”’ The published statement of Touwaide,‘ to which 
reference was made, follows: “In the vicinity of the volcanic cores the lowest beds thin out 
and the dip increases up to 30° but this is due to differential compaction.” 

Touwaide points out that elsewhere, in describing the basal limestone, he stated (p. 
120): “The bedding follows all the irregularities of the bed rock and occasionally reaches 
30°.” Further, in describing the tuff, Touwaide stated (p. 120): “These sediments are well 
stratified and continuous, except in the vicinity of the main volcanic cores. If the core is 
small the beds pass over it; if it is more important some of the strata thin out and disappear 
as they rise along the bed rock.” Touwaide writes that it is clear from these statements 
that he believes that the structure of these beds is due mainly to the underlying irregular- 
ities of topography. He entirely agrees with the writer’s statement (p. 1795): “The chief 
effects of differential compaction have probably been in accentuating the initial dips and 
particularly in transmitting the effects of the buried topography to the higher parts of the 
overlying section.” 

This writer regrets that he misinterpreted Touwaide’s views, and welcomes this cor- 
roboration of the origin of the structures in the Santa Rosalfa area. 


1 Correction received, January 28, 1949. Published by permission of the director of the United 
States Geological Survey. 

2 Geologist, United States Geological Survey. 

3 Ivan F. Wilson, Bull. Amer. Assoc. Petrol. Geol., Vol. 32, No. 9 (September, 1948), pp. 1762- 
1807. 

4M. E. Touwaide, “Origin of the Boleo Copper Deposit, Lower California, Mexico,” Econ. Geol., 
Vol. 25, No. 2 (March-April, 1930), pp. 113-44. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


SEQUENCE IN LAYERED ROCKS, BY ROBERT R. SHROCK 


REVIEW BY JOHN B. LUCKE! 
Storrs, Connecticut 


Sequence in Layered Rocks, by RoBert R. SHrocx. xiii plus 507 pp., 397 figs., McGraw- 
Hill Book Company. New York (1948). Price, $7.50. 


This meticulously titled volume deserves immediate acceptance as a bible for working 
field geologists. Professor Shrock wins the gratitude of all concerned with interpreting 
earth history by the solution of sedimentational, stratigraphic, and structural problems, 
many of which naturally go hand in hand. The publishers have produced an attractive 
book with clear type distinguished by faithful reproduction of the wealth of photographs 
and line drawings, frequently combined in one figure so artfully as to make the explanation 
superfluous. The price is high but justified in view of the 500 line drawings and more than 
150 half-tones of uniform excellence. 

The book is primarily a field manual designed, in the author’s words, “for advanced 
students and field investigators who expect to be or actually are faced with the problem 
of top and bottom determination.” It is also destined, in the reviewer’s opinion, for wide 
acceptance as an auxiliary textbook or essential ready reference by all students of sedi- 
mentation, stratigraphy, and structural geology. The author frankly attempts ‘‘to describe 
and illustrate every feature fully enough so that it can be identified and tested in the 
field.” His success is such that even the most eminent student of bedded rocks will prob- 
ably find features described which he had never noticed or, more likely, had passed over 
without realizing their significance. Oil geologists and others whose work keeps them away 
from extensive research facilities and whose daily problems are typical of the features 
described, will find Sequence in Layered Rocks essential equipment. 

The subject is treated under four major divisions. 1. “Gross Relationships” is an 
introductory summary of the broad principles of stratigraphy and structural correlation 
for the entire world. 2. “Features of Sedimentary Rocks,” the largest topic involved, 
embraces three chapters and 265 pages. It is subdivided (in Chapters III, IV, and V) into 
I—Lithological-Textural-Mineralogical Sequences, II—Features on Upper- and Under- 
surfaces of Sedimentary Beds, and IJI—Internal Features. 3. ‘“Features of Igneous Rocks,” 
and 4. “Features of Metamorphosed Rocks” comp!ete the text. However, an outstanding 
appendix (Chapter VIII) contains a topical index to references and an alphabetical bibliog- 
raphy of 737 works to which reference is made, followed by the customary subject index. 
By the nature of the data involved, the treatment is almost encyclopedic in style and scope. 
Shrock has performed a prodigious labor in compiling and synthesizing contributions from 
widely scattered sources. He also clearly acknowledges his debt to earlier authorities, 
particularly Grabau, Lahee, and Twenhofel. 

Although in no way marring the high quality of the book, there is one innovation to 
which some students will object. In introducing the studies of sedimentary rocks, Shrock 
presents a new Classification of Sedimentary Rocks, adopted with minor changes from a 


1 Professor of geology, University of Connecticut. 
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classification he published in a recent issue of the Journal of Geology.? Here he succumbed 
to the ever-present temptation to coin new names for rocks already well known. Thus, 
breccia becomes sharpstone conglomerate, tufi—tuffstone, dolomite—dolostone, and all the 
evaporites are lumped under salinastone, including such members as anhydrock and gyp- 
rock. These new names seem indefensible geologically or etymologically, particularly those 
ending in stone. Your reviewer hopes they will not gain wide usage. If new names must be 
coined, he would prefer to follow the system long exemplified by diatomite and quartzite. 
This, however, is a minor difference of opinion. 

Sequence in Layered Rocks may well become a classic. It is one of the most important 
books on geology to appear in recent years and an indispensable reference for all students 
of stratigraphy, structural geology and sedimentation. 


RECENT PUBLICATIONS 


AFRICA 


* “Tandscape Study in Southern Africa,’ by Lester C. King. Anniversary address by 
president of Geological Society of South Africa. Trans. and Proc. Geol. Soc. South Africa, 
Vol. 50 (January—December, 1947), pp. xxiii-lv; 3 figs., 2 pls. Geological Society of South 
Africa, Johannesburg, Transvaal (1948). 


BRITISH COLUMBIA 


“Geological Map of British Columbia.” Canada Geol. Survey Map 932 A (Ottawa, 
December, 1948). 2 sheets. Scale, 1 inch equals 20 miles. Price, $0.50. 


CALIFORNIA 


* “Cementation of Some California Tertiary Reservoir Sands,” by Charles M. Gilbert. 
Jour. Geol., Vol. 57, No. 1 (Chicago, January, 1949), pp. I-17} 3 pls., 2 tables. 

“Geology of the Northwestern Puente Hills, Los Angeles County, California,” by 
Steven N. Daviess and A. O. Woodford. U. S. Geol. Survey Prelim. Map 83, Oil and Gas 
Inves. Ser. (February 1, 1949). 1 sheet, geologic map, scale: 1 inch equals 1,000 feet. 
1 sheet, cross sections and text. Available from Director, U. S. Geological Survey, Washing- 
ton 25, D. C. Price, $1.00 per set. 


CANADA 


* “Bibliography of Seismology, No. 3, Items 6,734-6,857, January to June, 1948,” by 
W. G. Milne. Pub. Dominion Observatory, Vol. 14 (Ottawa, 1948), pp. 53-70. Price, $0.25. 
“Annual Report of the National Museum for the Year 1947-1948.” Natl. Mus. 
Canada Bull. 113 (1949). Geol. Survey Canada, Dept. Mines and Resources, Ottawa, 
Canada. 
COLORADO 


“Geology of Naval Oil Shale Reserves 1 and 3, Garfield County, Colorado,” by D. C. 
Duncan and N. M. Denson. U. S. Geol. Survey Prelim. Map 94, Oil and Gas Inves. Ser. 
(January 13, 1949). 2 sheets, each 40 X52 inches. Map sheet scale, 2 inches equals 1 mile. 
Columnar section sheet, 12 sections, 4 logs, reserve and index map. For sale by Director, 
Geological Survey, Washington 25, D. C. Price, set of 2 sheets, $1.00. 

* “Geology and Origin of South Park, Colorado,” by J. T. Stark, J. H. Johnson, C. H. 


2 Vol. 56, No. 2 (March, 1948). 
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Behre, Jr., W. E. Powers, A. L. Howland, Don B. Gould, and Others. Geol. Soc. America 
Mem. 33 (New York, January 10, 1949). 188 pp., 18 pls., 22 figs. 


GENERAL 


* Principles of Petroleum Geology, by Cecil G. Lalicker. 377 pp., 157 figs., 67 tables. 
6X9 inches. Appleton-Century-Crofts, Inc., 35 West 32d St., New York. Price, Cloth, 
$5.00. 

* Scientists in Uniform, World War II. A Report to the Director for Research and 
Development, Logistics Division, General Staff, U. S. Army. 98 pp., 20 tables. “This 
study was a cooperative undertaking by the Department of the Army and*3r scientific 
societies. It began under the general supervision of Lt. Gen. Henry S. Aurand, Director of 
Logistics, and was completed under the directorate of Maj. Gen. A. C. McAuliffe, Deputy 
Director for Research and Development, General Staff, United States Army. Dr. David 
M. Delo, Chief of the Scientific Manpower Section, Research and Development Group, 
Logistics Division, directed the survey.”” Washington, D. C. (1948). 

* “The Determination of Geological Age by Means of the Natural Radioactivity of 
Rubidium: a Report of Preliminary Investigations,” by L. H. Ahrens. Trans. and Proc. 
Geol. Soc. South Africa, Vol. 50 (January—December, 1947), pp. 23-54; 6 figs., 1 pl. Geo- 
logical Society of South Africa, Kelvin House, Corner Hollard and Marshall Streets, 
Johannesburg, Transvaal (1948). 

“The Behavior of Rocks and Rock Masses in Relation to Military Geology,” by 
Wilmot R. McCutchen. Colorado School Mines Quar., Vol. 44, No. 1 (Golden, January, 
1949). 76 pp., 27 illus. Price, $1.00. 

*“ Permian Crinoid Calceolispongia,’ by Curt Teichert. Geol. Soc. America Mem. 34 
(New York, February 10, 1949). 132 pp., 24 figs., 26 pls., 14 tables. 

*“Rocky Road to Oil.” The Lamp, Vol. 31, No. 1 (New York, January, 1949), pp. 
27-31; 6 illus. Report on progress in turning oil shale into usable products. 


GULF COAST 


*“Offshore Drilling and Development,” by Mercer H. Parks and James C. Postgate. 
Oil, Vol. 8, No. 11 (New Orleans, Louisiana, January, 1949), pp. 15-20; 4 figs. 


INDIA 


* “Progress Report for 1944-46,” edited by B. Sahni. Palacobotany in India, Vol. VI. 
A Bulletin of Current Research from the Institute of Palaeobotany. Reprinted in 1948 
from Jour. Indian Botanical Soc., Vol. 26, No. 4 (1947), pp. 241-73, Pls. XII-XVIII 
(fossils). Contains abstracts and digests of papers, published and unpublished. B. Sahni, 
director, Institute of Palaeobotany, University Road, Lucknow, India. 


JAPAN’ 


*“The Stratigraphical Relation between the Carboniferous and Permian Formations 
in Manchuria, Korea, and Japan Proper,”’ by Shoshiro Hanzawa. Japanese Jour. Geol. and 
Geogr., Vol. 18, No. 3 (1941), pp. 97-108. Contribution from Inst. Geol. and Paleon., 
Tohoku Imperial Univ., Sendai, Japan. In English. 

*“Stratigraphic Distribution of the Fusulinid Foraminifera Found in South Manchuria 
and Japan,” by Shoshiro Hanzawa. Ibid., Vol. 19, Nos. 1-4 (1944), pp. I-10. 


KANSAS 


* “Ground-Water Supplies at Hays, Victoria, Walker, Gorham, and Russell, Kansas,”’ 
by Bruce F. Latta. Kansas Geol. Survey Bull. 76, Pt. 6 (Lawrence, 1948), pp. 125-96; 8 
figs. 


2 
| 


350 REVIEWS AND NEW PUBLICATIONS 


* “Oil and Gas Developments in Kansas during 1947,”’ by W. A. Ver Wiebe, G. E. 
Abernathy, J. M. Jewett, and E. K. Nixon. Jbid., Bull. 75 (December, 1948). 230 pp., 51 


figs., 77 tables. 
MEXICO 


*“Geology of the Sierra de Los Muertos Area, Mexico (with Descriptions of Aptian 
Cephalopods from the La Pefia Formation),” by William E. Humphrey. Bull. Geol. Soc. 
America, Vol. 60, No. 1 (New York, January, 1949), pp. 89-176; 2 figs., 18 pls. 


MINNESOTA 


“Aeromagnetic Map and Profiles of Cass County, Minnesota,” U. S. Geol. Survey, 
open file in advance of publication. May be examined at Minnesota Geological Survey, 
University of Minnesota, Minneapolis. 


MONTANA 


“Paleocene Fresh-Water Mollusks from Southern Montana,” by Teng-Chien Yen. 
U. S. Geol. Survey Prof. Paper 214-C (December, 1948), pp. 35-50, Pl. 10. Supt. Docu- 
ments, Govt. Printing Office, Washington, D. C. Price, $0.15. 

“Geologic Map Index of Montana,’ compiled by Leona Boardman and Annabel 
Brown. Scale, 1:750,000. Sheet, 51 X33 inches. For sale by Director, U. S. Geol. Survey, 
Washington 25, D. C. Price, $0.35. 


NEW MEXICO 


*“Mississippian Formations of Southwestern New Mexico,” by Lowell R. Laudon and 
Arthur L. Bowsher. Bull. Geol. Soc. America, Vol. 60, No. 1 (New York, January, 1949), 
pp. 1-88; 44 figs. 

NCRTH CAROLINA AND VIRGINIA 


“Mollusca from the Miocene and Lower Pliocene of Virginia and North Carolina, 
Part 2, Scaphopoda and Gastropoda,” by Julia Gardner. U. S. Geol. Survey Prof. Paper 
199-B (December, 1948), pp. 179-310, Pls. 24-38. Supt. Documents, Govt. Printing 
Office, Washington 25, D. C. Price, $0.70. 


OHIO 


*“Geology of Newport Township, Washington County, Ohio,” by William H. Smith- 
Geol. Survey of Ohio Rept. Inves. 5 (Columbus, 1948). Reprinted from Ohio Jour. Sci., Vol- 
48, No. 6 (November, 1948), pp. 233-40. Available on request. Geol. Survey of Ohio, 
Room 106, Orton Hall, Ohio State University, Columbus to. 


TEXAS 
“Rocks of Permian (?) Age in the Colorado River Valley, North-Central Texas,” by 
Raymond C. Moore. U. S. Geol. Survey Prelim. Map 80, Oil and Gas Inves. Ser. (Washing- 
ton, D. C., February 14, 1949). Map sheet: 40X53 inches; scale, 1 inch equals 1 mile. 
Section sheet: 40 X53 inches; scale, 1 inch equals 100 feet. For sale by Director, U. S. 
Geol. Survey, Washington 25, D. C. Price, $1.00 per set. 


WYOMING 


*“Structural Trends in Central Western Wyoming,” by Leland Horberg, Vincent 
Nelson, and Victor Church. Bull. Geol. Soc. America, Vol. 60, No. 1 (New York, January, 


1949), Pp. 183-216; 4 figs., 6 pls. 
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ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


* Journal of Paleontology (Tulsa, Oklahoma), Vol. 23, No. 1 (January, 1949). 

“Permian Fusulinids and Cephalopods from the Vicinity of the Maracaibo Basin in 
Northern South America,” by M. L. Thompson and A. K. Miller. 

“The Trilobite Fauna of the Elvinia Zone in the Basal Wilverns Limestone of Texas,” 
by James L. Wilson. 

“The Ordovician Trilobite Eobronteus,” by G. Winston Sinclair. 

“Conodonts from the Lower Mississippian Prospect Hill Sandstone of Iowa,” by 
Walter Youngquist and S. H. Patterson. 

“New Genera of Devonian Nautiloids,’”’ by Rousseau H. Flower. 

“New Foraminifera from Northwestern Peru,” by Benton Stone. 

“Two Cretaceous Echinoids from Peru,” by C. Wythe Cooke. 

“New Tertiary Mollusca from Japan,” by Kotora Hatai and Sy6z6 Nisiyama. 

“Studies in Quantitative Paleontology II. Multivariate Analysis—a New Analytical 
Tool for Paleontology and Geology,” by Benjamin H. Burma. 


* Journal of Sedimentary Petrology (Tulsa, Oklahoma), Vol. 18, No. 3 (December, 
1948). 

“Authigenic Heulandite in Sandstone, Santa Cruz County, California,” by Charles 
M. Gilbert and Martin G. McAndrews. 

“Sediments at the Southern Termination of the Sangre de Cristo Anticlinorium,” by 
Raymond Sidwell. 

“Cementation of Dakota Sandstones of the Colorado Front Range,” by August Gold- 


stein, Jr. 
“Remarks by Professor R. C. Moore on Environmental Significance of Dwarfed 


Faunas.” 
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* Prior to 19047 
1 From March 
2 From March, 
3 From March, 
4 Died, November 25, 1927. 
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BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


PAST AND PRESENT OFFICERS OF THE ASSOCIATION 


Convention 
At 

Tulsa 
Oklahoma City 
Dallas 
Dallas 
Tulsa 
Oklahoma City 
Shreveport 
Houston 
Wichita 
Dallas 
Tulsa 
San Francisco 
Fort Worth 
New Orleans 
San Antonio 
Oklahoma City 
Houston 
Dallas 
Wichita 
Tulsa 
Los Angeles 
New Orleans 


Oklahoma City 


Chicago 
Houston 
Denver 
Fort Worth 
Dallas 
Tulsa 
Chicago 
Los Angeles 
Denver 

St. Louis 


® Died, June 30, 1944. 


® Died, January 20, 1940. 


2 Died, July 8, 1930. 
13 Died, May 2, 1048. 


President 


J. Elmer Thomas 
Alex. Deussen 
I. C. White‘ 

W. E. Pratt 

G. C. Matson’ 
W. E. Wrather 
Max W. Ball 

J. H. Gardner 
E. L. DeGolyer 
Alex. W. McCoy™ 
G. C. Gester 

R. S. McFarland 
J. Y. Snyder® 
Sidney Powers® 
L. P. Garrett!® 
F. H. Lahee 
Frank R. Clark 
W. B. Heroy 

A. I. Levorsen 
Ralph D. Reed® 
H. B. Fuqua 
D. C. Barton” 
Henry A. Ley 
L. C. Snider’ 
Ed. W. Owen 
F. L. Aurin 

A. R. Denison 
Ira H. Cram 
M. G. Cheney 
Earl B. Noble 
C. E. Dobbin 
Paul Weaver 


Vice- 

President! 
Alex. Deussen 
I. C. White‘ 
Irving Perrine 
Alex. W. McCoy™ 
G. C. Gester 
Max W. Ba!l 
F. W. DeWolf 
E. G. Gaylord 
R. S. McFarland 
C. R. McCollom 
Luther H. White 
J. E. Elliott 
Fred H. Kay? 
Ralph D. Reed® 
L. C. Decius 
R. J. Riggs 
George Sawtelle 
E. B. Hopkins" 
F. A. Morgan 
C. E. Dobbin 
C. L. Moody 
H. W. Hoots 
L. M. Neumann 
John M. Vetter 
Earl B. Noble 
Paul Weaver 
R. W. Clark" 
W. B. Weeks 


Secretary- * 
Treasurer? 


C. E. Decker 
Fritz L. Aurin 
David Donoghue 
David Donoghue 
A. R. Denison 
Marvin Lee 
Frank R. Clark 
W. B. Heroy 

W. B. Heroy 

M. G. Cheney 
E. C. Moncrief 
Chas. H. Row 
Ira H. Cram 

Tra H. Cram 

Ed. W. Owen 
Ed. W. Owen 

E. O. Markham 
E. O. Markham 
R. E. Rettger 

R. E. Rettger 


M. Gordon Gulley Ed. A. Koester 


D. Perry Olcott 
Geo. S. Buchanan 
Roy M. Barnes 


Ed. A. Koester 
J. V. Howell 
J. V. Howell 


C. W. Tomlinson Theodore A. Link Henry N. Toler 


5 Died, January 3, 1940. 
7 Died, July 9, 1043. 
10 Died, December 13, 1943. 


18 Died, May 24, 1947. 


, officers were elected at the annual meeting; beginning in 1947, by mailed ballot. 
1920, to March, 1932, the corresponding office was first vi-e-president. 
1929, to March, 1932, the corresponding office was second vice-president in charge of finances. 
1929, to March, 1932, the corresponding office was third vice-president in charge of editorial work 


Editor’ 


. H. Taylor 
. H. Taylor 
. H. Taylor 
. C. Moore 


PIP 


REET 


. Snider 

. A. Ver Wiebe 
W. A. Ver Wiebe 
. A. Ver Wiebe 
W. A. Ver Wiebe 
. A. Ver Wiebe 
W. A. Ver Wiebe 
Carey Croneis 
Gayle Scott'® 
Gayle Scott 
Gayle Scott 

C. L. Moody 

C. L. Moody 
Alfred H. Bell 


rrr 


6 Died, January 10, 1930. 
8 Died, November 5, 1932. 
1 Died, July 5, 1040. 

1s Died, June 5, 1948. 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
CERTIFICATE OF INDEPENDENT PUBLIC ACCOUNTANTS 


To the Executive Commitiee, The American Association of Petroleum Geologists: 


We have examined the balance sheet of THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
at December 31, 1948 and the related statement of income and surplus for the year then ended. Our 
examination was made in accordance with generally accepted auditing standards, and accordingly in- 
cluded such tests of the accounting records and such other auditing procedures as we considered 
necessary in the circumstances. 

In our opinion, the accompanying balance sheet and statement of income and surplus present 
fairly the financial position of THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTs at December 
31, 1948, and the results of its operations for the year then ended, in conformity with generally ac- 
cepted accounting principles applied on a basis consistent with that of the preceding year. 

ArTHUR YounGc & CoMPANY 


Tusa, OKLAHOMA, January 28, 1949 
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SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
CERTIFICATE OF INDEPENDENT PUBLIC ACCOUNTANTS 


To the Council 
Society of Economic Paleontologists and Mineralogists: 


We have examined the balance sheet of Society oF EcoNoMIC PALEONTOLOGISTS AND MINERALO- 
Gists at December 31, 1948 and the related statement cf income and surplus for the year then ended. 
Our examination was made in accordance with generally accepted auditing standards, and acccrd- 
ingly included such tests of the accounting records and such other auditing procedures as we con- 
sidered necessary in the circumstances. 

In our opinion, the accompanying balance sheet and statement of income and surplus present 
fairly the financial position of Socrery or Economic PALEONTOLOGISTS AND MINERALOGISTS at 
December 31, 1948, and the results of its operations for the year then ended, in conformity with 
generally accepted accounting principles applied on a basis consistent with that of the preceding year. 

ArTHUR Younc & Company 
Tutsa, OKLAHOMA, 
January 28, 1949 


FINANCIAL STATEMENT FOR THE YEAR ENDED DECEMBER 31, 1948 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
BALANCE SHEET 
AT DECEMBER 31, 1948 


ASSETS 
CURRENT ASSETS: 
Accounts receivable less reserve, $15.87... 189.55 


PUBLICATIONS: 
Journals of Paleontology: 
Issued prior to 1948—22,914 journals at $.50 each (3,813 complete 


Issues 1 to 6 of 1948—1,151 journals at cost..............-0000- 1,628.95 
Reprints in 1948, Volume 1, 1927—949 volumes at cost............ 2,100.87 


Journals of Sedimentary Petrology: 
Issued prior to 1948—2,947 journals at $.50 each (g96 complete 


Issues 1 and 2 of 1948—115 journals at cost.................--- 70.44 16,730.76 
FURNITURE AND FIXTURES less reserve, $530.43........--seeeeceeeeee 1.00 
$25,023.63 
LIABILITIES AND SURPLUS 
CURRENT LIABILITIES: 
Amount payable to Paleontological Society... 1,595.32 
DEFERRED INCOME: 
Membership dues for 1949 and 1950... 1,806.05 4,350.62 
suRPLUS (per attached statement)... 16,708.45 


$25,023.63 
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SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
STATEMENT OF INCOME AND SURPLUS 
FOR THE YEAR ENDED DECEMBER 31, 1948 


INCOME: 
Membership dues and subscriptions: 
Journal of Paleontology and Sedimentary Petrology............ $ 1,024.00 
Sale of back numbers: 
, Journal of Paleontology, Volume 1, 1927 (251 reprints).......... $ 1,567.85 
Journal of Paleontology, Volumes 2-22 (1928-1948)............. 1,879.20 
Journal ‘of Seamentary Petrology. 870.03 4,317.08 
$11,875.04 
Less: Proportion of income accrued to Paleontological Society... . 1,595.32 
$10, 280.62 
COSTS AND EXPENSES: 
Cost of printing: 
Journal of Paleontology, Volume 1, 1927—1,200 reprints (949 on 
Journal of Paleontology, Volume 22, 1948................2005% 7,102.33 
Journal of Sedimentary Petrology... 1,210.78 
$11,162.75 
$14,605.91 
Adjustment for increase in inventory of publications.............. 1,575.76 13,030.15 
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A.A.P.G. OFFICERS-ELECT 
(TERM OF OFFICE TO BEGIN AT END OF ANNUAL MEETING, MARCH, 1949) 


PRESIDENT C. W. TOMLINSON VicE-PRESIDENT THEODORE A. LINK 


SECRETARY-TREASURER HENRY N. TOLER Epitor ALFRED H. BELL 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election but 
places the names before the membership at large. If any member has information bearing 
on the qualifications of these nominees, he should send it promptly to the Executive 
Committee, Box 979, Tulsa 1, Oklahoma. (Names of sponsors are placed beneath the name 
of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Irvin J. Anderson, Austin, Texas 

Hal P. Bybee, G. K. Eifler, Jr., H. Gordon Damon 
Eric Henri Boissonas, Ridgefield, Connecticut 

E. G. Leonardon, Roger Henquet, E. F. Stratton 
Nugent Truitt Brasher, Midland, Texas 

W. C. Imbt, Samuel P. Ellison, Jr., Charles F. Henderson 
John Gerard Broughton, Albany, New York 

Earl T. Apfel, William L. Effinger, E. T. Heck 
Gordon Bruce Darling, Calgary, Alta., Canada 

D. B. Layer, W. P. Hancock, Ralph L. Rutherford 
John Leslie Edwards, Caracas, Venezuela, S. A. 

George R. Heyl, H. W. Thomas, F. A. Sutton 
Fred M. Ellis, Owensboro, Kentucky 

Wallace W. Hagan, J. Al Brown, Dan J. Jones 
Hobert Lewis Kirkpatrick, Shreveport, Louisiana 

H. F. Fowler, Justin M. Rukas, W. H. Marshall 
Wilson Thomas Lundy, New York, New York 

Albert G. Wolf, Alexander Deussen, Gage Lund 
William Benjamin Oliver, Floresville, Texas 

Carroll L. Williams, Henry D. McCollum, W. A. Maley 
David George Penner, Calgary, Alta., Canada 

H. H. Beach, E. H. Hunt, W. P. Hancock 
Melvin F. Robitshek, Bartlesville, Oklahoma 

G. R. Elliott, Edwin I. Thompson, L. H. Thawley 
James Robert Shouldice, Calgary, Alta., Canada 

Theo. A. Link, James O. G. Sanderson, D. B. Layer 
John Hill Speer, Norman, Oklahoma 

Charles E. Decker, V. E. Monnett, Carl A. Moore 
Douglas Frank Warner, Tulsa, Oklahoma 

Harry H. Andrews, C. E. McClure, A. J. Barthelmes 


FOR ASSOCIATE MEMBERSHIP 


Otis Bernard Allred, Lubbock, Texas 

Charles A. Renfroe, Raymond Sidwell, W. I. Robinson 
George Clarence Battalora, Jr., Baton Rouge, Louisiana 

Grover E. Murray, Robert L. Geyer, H. V. Howe 
Arthur L. Bergren, Jr., Billings, Montana 

Loris J. Fulton, F. A. Thurman, Stewart Cronin 
Gilbert Howard Blankenship, Jr., Midland, Texas 

Melvin D. Mauck, R. V. Hollingsworth, Lloyd C. Mills 
Ruth Bastanchury Boeckerman, Ann Arbor, Michigan 

A. J. Eardley, K. K. Landes, Lewis B. Kellum 
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John David Chamberlain, Lewiston, Montana 

John E. Blixt, William F. Jenks, Alfred G. Fischer 
Don R. Clark, Olympia, Washington 

W. L. Stanton, Charles E. Kirschner, W. W. Heathman 
Paul D. Crawford, Sr., San Antonio, Texas 

Marion J. Moore, Glen Petrick, Morris A. Elms 
Duward Wayne Dassow, San Antonio, Texas 

Leon R. Vesely, Morris E. Halsted, C. G. Lalicker 
Jean-Claude de Bremaecker, Baton Rouge, Louisiana 

H. V. Howe, R. J. Russell, G. E. Murray 
Jan Diederik de Jong, Maracaibo, Venezuela, S. A. 

Arthur Felix Hottinger, Charles Emile Thiebaud, Hans J. K. Fichter 
Richard Elia Faggioli, Los Angeles, California 

Cordell Durrell, William C. Putnam, James Gilluly 
Guy Wesley Fisher, Dallas, Texas 

J. Frank Rollins, Martin C. Kelsey, E. F. McMullin 
Edward Penn Fisk, Los Angeles, California 

Chester Stock, John P. Buwalda, Clinton R. Stauffer 
William Hunter Gibson, Houston, Texas 

L. A. Scholl, Jr., Roy L. Lay, John N. Troxell 
Charles Lee Roy Holt, Jr., Austin, Texas 

Hal P. Bybee, Fred M. Bullard, Ronald K. DeFord 
Paul Herbert Horn, Monroe, Louisiana 

Robert B. Totten, L. C. Smith, F. L. Whitney 
Howard Elmer Jacks, College Station, Texas 

Frederick A. Burt, S. A. Lynch, Travis J. Parker 
Theodore Arthur Kibby, Caracas, Venezuela, S. A. 

George L. Lockett, H. H. Renz, E. H. Wenberg 
William Carl Krafve, Mt. Vernon, Illinois 

Geo. A. Thiel, Fred M. Swain, Robert P. Sharp 
Ellis Louis Krinitzsky, Vicksburg, Mississippi 

Rufus J. LeBlanc, Richard J. Russell, Robert L. Geyer 
David J. Kull, Wichita, Kansas 

H. W. Scott, Harold R. Wanless, Geo. W. White 
Jack Taylor Lastor, Oklahoma City, Oklahoma 

F. L. Whitney, Fred M. Bullard, L. M. Wilshire 
Edward Ross Leggat, Austin, Texas 

W. L. Broadhurst, W. O. George, Fred M. Bullard 
Helen Louise Mann, Casper, Wyoming 

Warren B. Thompson, W. Warren Longley, John R. Hayes 
Guy Imbrie McCracken, Pittsburgh, Pennsylvania 

W. Bernard Robinson, Stanely J. Aszklar, W. R. Vance 
Watson Lee Moore, Tulsa, Oklahoma 

Frank R. Kittredge, P. J. Rudolph, W. Harlan Taylor 
John A. Murphy, Ponca City, Oklahoma 

H. H. Hinson, R. Lee Hunter, D. D. Christner 
Kenneth Eaton Myron, Los Angeles, California 

J. R. Dorrance, F. D. Bode, E. R. Baddley 
John Davis Naff, Stillwater, Oklahoma 

C. G. Lalicker, Robert M. Dreyer, John C. Frye 
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Alfred Louis Ripple, Austin, Texas 

H. B. Stenzel, Fred M. Bullard, H. Gordon Damon 
Russell Smith, Olney, Illinois 

Gene Gaddess, Kenneth G. Boling, Darsie A. Green 
Ming-Shan Sun, Baton Rouge, Louisiana 

Richard J. Russell, Robert L. Geyer, H. V. Howe 
Doris Lula Walker, Houston, Texas 

Fred M. Bullard, Hal P. Bybee, F. L. Whitney 


TRANSFER TO ACTIVE MEMBERSHIP 


Robert William Blair, Denver, Colorado 

A. E. Brainerd, Charles S. Lavington, N. W. Bass 
Harry George Hadler, Oklahoma City, Oklahoma 

George V. Dunn, George H. Galloway, V. G. Hill 
Mary Loreen Holland, Houston, Texas 

Shirley L. Mason, M. M. Sheets, Fred M. Bullard 
Joel Joseph Lloyd, Bogota, Colombia, S. A. 

Homer J. Smith, Allan D. Graves, John H. Brineman 
William Rodes Moran, Los Angeles, California 

E. R. Atwill, John C. Hazzard, E. B. Noble 
David Arthur Probst, Caracas, Venezuela, S. A. 

C. M. Crebbs, George L. Lockett, Hans Herman Renz 
Keith Austin Yenne, Bogota, Colombia, S. A. 

Frank V. Stevenson, Viktor Petters, Charles D. Redmond 
Walter Lewellyn Youngquist, Moscow, Idaho 

A. K. Miller, John C. Maher, Chester Johnson 


a 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 33, NO. 3 (MARCH, 1949), PP. 362-484 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
MEMBERSHIP LIST! 


HONORARY MEMBERS 


The executive committee may from time to time elect as honorary members persons who have 
contributed distinguished service to the cause of petroleum geology. Honorary members shall not be 
required to pay dues.—Sec. 6, Article III, of the Constitution. 


LIFE MEMBERS 


The executive committee may grant life membership to members who have paid their dues and 
are otherwise qualified.—Sec. 2, Article II1, of the Constitution. 

On the payment of two hundred dollars ($200.00) any member in good standing shall be declared 
a life member and thereafter shall not be required to pay annual dues.—Sec. 2, Article I, of the By-Laws. 


MEMBERS 


Any person engaged in the work of petroleum geology or in research pertaining to petroleum 
geology or technology is eligible to active membership, provided he is a graduate of an institution of 


collegiate standing, in which institution he has done his major work in geology, or in sciences funda-: 


mental to petroleum geology, and in addition has had the equivalent of three years’ experience in 
petroleum geology or in the application of these other sciences to petroleum geology or to research in 
petroleum geology or technology; and provided further that in the case of an applicant for member- 
ship who has not had the required collegiate or university training, but whose standing in the profes- 
sion is well recognized, he shall be admitted to membership when his application shall have been 
favorably and unanimously acted upon by the executive committee, and provided further that these 
requirements shall not be construed to exclude teachers and research workers in recognized institu- 
tions whose work is of such character as in the opinion of the executive committee shall qualify them 
for membership. 
Active members alone shall be known as members.—Sec. 1, Article III, of the Constitution. 


ASSOCIATES 


Any person having completed as much as thirty hours of geology (an hour shall here be inter- 
reted as meaning as much as sixteen recitation or lecture periods of one hour each, or the equivalent 
in laboratory) in a reputable institution of collegiate or university standing, or who has done field 
work equivalent to this, is eligible to associate membership, provided at the time of his application for 
membership he shall be engaged in geological studies in an institution of collegiate or university 
standing; or shall be engaged in petroleum geology; and any person who is a graduate of an institution 
of collegiate standing, in which he has done his major work in sciences fundamental to petroleum 
geology or petroleum technology, and who has had the equivalent of one year’s experience in the ap- 
plication of his science to the study of petroleum geology, shall be eligible to associate membership, 
provided at the time of his application for membership he shall be engaged in investigations in the 
broader subject of petroleum geology and technology. 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, save that they shall not 
hold office, sign applications for membership, or vote; neither shall they have the privilege of advertis- 
ing their affiliation with the Association in professional cards or professional reports or otherwise.— 
Sec. 3, Article III, of the Constitution. 


1 This list is published for the use of the members and for the information of all who wish to refer to the professiona 
peg nog affiliations of the members. It is not a mailing address list and it is not intended to be used for circularizing 
or citing purposes. 
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HONORARY MEMBERS 


Date of Election 
Decker, Charles Elijah, Univ. of Oklahoma, Norman, Okla.....................45-. Mar. 26, 1927 
DeGolyer, Everette Lee, 1000 Continental Bldg., Dallas, Tex. .................... Dec. 8, 1944 
George Clark Gester, Standard Oil Co. of California, San Francisco, Calif......... Feb. 4, 19049 
Gould, Charles Newton, Box 680, Norman, Okla..............0ccccccsesccccceees Oct. 13, 1943 
Harris, Gilbert Dennison, Cornell Univ., Ithaca, N. Y..............-000.ceeeeeees Mar. 19, 1935 
Lahee, Frederic H., Sun Oil Co., Box 2880, Dallas, Tex... .............ccceceeeees Feb. 15, 1947 
Lawson, Andrew Cowper, Bacon Hall, Univ. of California, Berkeley, Calif.......... Dec. 22, 1937 
Mendenhall, co Curran, 9 E. Lenox St., Chevy Chase, Md.................0:. Mar. 19, 1935 
Miser, Hugh D., U.S. Geol. Survey, Washington, D. C...........0..cceecsececees Jan. 13, 1948 
Sellards, "E. H. , Bureau of Economic Geol., Box B, Univ. Sta., Austin, Tex. ........ Feb. 28, 1946 
Stille, Hans, Geol. Inst., Univ. of Berlin, Berlin, Germany Mar. 15, 1937 
Twenhofel, W. H., Univ. of Wisconsin, Madison, Oct. 25, 1946 
Francis Maurice Van Tuyl, Colorado School of Mines, Golden, Colo............... Feb. 4, 1949 
Woolnough, Walter George, c/o W. L. Woolnough, “Calabonna,”’ Park Ave., Gordon, 
Wrather, William Embry, U. S. Geol. Survey, Washington, D. C................... Oct. 13, 1943 


COMPLETE LIST OF MEMBERS, ASSOCIATES, HONORARY 
MEMBERS, AND LIFE MEMBERS 


* Honorary Members. f Life Members. || Associates. Members are not marked. The year refers to the date of election 
to membership. 


||Abbott, Earl O., Hudsons Bay Oil & Gas Co., Ltd., 534 A Eighth Ave., West, Calgary, Alta., 


| Abbott; Robert Henry, Jr., The Texas Co., Box 951, Houma, "47 

Abbott, Wayne Rosser, Wood River Oil & Refg. Oklahoma City "42 
Abel, Walter "D., Div. of Corporations, State of Calif., 217 W. First St., Los Angeles, Calif...... 47 
Abell, George , independent, Box 430, Midland, ay 
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MEMORIAL 


JAMES SMITH STEWART 
(1883-1948) 


Dr. J. S. Stewart, member of the Association, and geologist on the staff of the Geologi- 
cal Survey of Canada, died at his home in Ottawa on October 28, 1948, after a prolonged 
illness. He is survived by his wife and three children, Robert, Jean, and Mary. 

“Scotty,” as he was familiarly known to his friends, was born in Glasgow, Scotland, on 
June 26, 1883, and came to Canada at an early age. He attended high school at Renfrew, 
Ontario, and his daily chores on the farm near this town brought him into constant con- 
tact with rocks and minerals which are much in evidence in the district. Thus he was in- 
spired to study the science he was to excel in, and subsequently, on entering Queen’s 
University at Kingston, Ontario, he took courses in mineralogy, geology, and chemistry, 
and obtained the B.Sc. degree in rgr1r. In the following year he took post-graduate courses 
in geology at the University of Chicago, and later at Yale, where he obtained the Ph.D. 
degree in 1916. 

Stewart commenced his geological work as an assistant on field parties of the Geological 
Survey of Canada during the summers of rg10-1912, and from 1913 to 1916 was in charge 
of parties in Southwestern Alberta, studying structural and stratigraphic problems in that 
area. The results of this work were later published as Memoir r12 of the Geological Survey 
of Canada entitled “Geology of the Disturbed Belt of Southwestern Alberta,” a volume 
which for years remained a classic on the subject. In the period during which these studies 
in Southwestern Alberta were being carried on, the famous Calgary oil boom occurred and 
Stewart turned his attention to oil. From 1916 to 1919 he was engaged on oil exploration in 
Oklahoma, Texas, and other states. He then went to Trinidad, B. W. I., where he re- 
mained until 1922. In that year he joined the staff of Imperial Oil Limited, and carried out 
studies for this company and its subsidiaries in Ecuador, Peru, Colombia, Eastern Canada, 
Western Canada, and Alaska. In 1935 he returned to the Geological Survey of Canada, and 
since that time had been engaged mainly on petroleum investigations for the government 
in Ontario, New Brunswick, Alberta, British Columbia, and the Northwest Territories. 
During the years 1943 to 1945, he was Liaison Officer, representing Canada, on the Canol 
Project. Because of his knowledge and understanding of the problems and personalities 
involved in this undertaking, and his appreciation of the practical difficulties, he was a 
happy choice for this difficult position, and for this and other services, he was created 
Member, Order of the British Empire. 

Dr. Stewart was a member of the Canadian Institute of Mining and Metallurgy, a 
Fellow of the Royal Society of Canada, and a Charter Member of The Geological Associa- 
tion of Canada. He was the author of numerous scientific papers. 

Perhaps his most outstanding professional characteristics were his accuracy in ob- 
servation and independence of thought. Rarely indeed has anyone been able to question 
his statements of fact. In thought he was fearless and strove only to arrive at conclusions 
consistent with the supporting evidence. He possessed the rare qualities of toleration and 
fairness. Personally “Scotty” was a quiet and modest human being endowed with a simple 
humanity—a love of home and family and of homely amenities, a capacity of friendship 
and a loyalty to his friends. A man of broad and lengthy experience, he freely and un- 
stintingly imparted his knowledge to those who sought it. Only the few of us who were 
fortunate to work closely with him could fully understand and appreciate his sterling 
qualities as a man, and his real contribution to petroleum geology. 

W. A. Ro.irr 
Toronto, Canada 
December 20, 1948 
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AT HOME AND ABROAD 


NEWS OF THE PROFESSION 


The executive committee, on February 4, elected to honorary membership in the 
Association the following: GEoRGE CLARK GESTER, Standard Oil Company of California, 
San Francisco, and Francis M. VAN Tuyt, of the Colorado School of Mines, Golden. 


SHERMAN A. WENGERD, assistant professor of geology at the University of New Mexico, 
Albuquerque, has been chosen to be the recipient of the President’s Award of $100, for 
the most significant article published in the Association Bulletin during 1948. 


The Engineers Council of Houston, Texas, announces its 2d annual symposium which 
will be held at the Rice Hotel, Houston, on April 2. The subject is “Conservation of Our 
Natural Resources.’”’ The first paper is entitled “Conservation of Water,” by PauL WEa- 
VER, Gulf Oil Corporation. 


At the regular meeting of the South Louisiana Geological Society in Lake Charles, 
January 21, new officers for the year 1949 were installed as follows: president, W. B. NEILL, 
Stanolind Oil and Gas Company; vice-president, PETE HaBerstick, Atlantic Refining 
Company; secretary, James M. Wuart Ley, Union Sulphur Company; treasurer, BERT 
C. Tram, Magnolia Petroleum Company. 


The Mississippi Geological Society adopted a new constitution on December 9. Follow- 
ing the adoption of this constitution and to fill vacancies occasioned by resignations the 
following new officers were elected to the society: E. T. Monsovr, vice-president, con- 
sultant; GEoRGE W. FIELD, secretary, Cities Service Oil Company; CHARLES E. Buck, 
treasurer, Skelly Oil Company; all of Jackson, Mississippi. R. D. SPRAGUE, of the Sinclair 
Wyoming Oil Company, continues as president. 


JosEPH JENSEN, chief petroleum engineer of the western division of the Tide Water 
Associated Oil Company, Los Angeles, California, was recently elected chairman of the 
board of directors of the metropolitan water district for a term of 2 years. He states that 
southern California will be using water from the Colorado River in increasing amounts, 
as all local supplies have now been exhausted. 


The Shreveport Geological Society presented Charles DeBlieux of New Orleans on 
February 7. His subject was “Photo Geology in Gulf Coast Exploration.” 


Eart A. TRAGER has been appointed chief geologist for the Sinclair Petroleum Com- 
pany to go to Ethiopia. His address is care of Sinclair Petroleum Company, Box 51, 
Dire Dawa, Ethiopia. 

J. W. Marsuatt, formerly with the Amerada Petroleum Corporation, Midland, is 
geologist with the Lone Star Gas Company, Dallas, Texas. 

Miss Louise M. Powe tt has returned to the University of Michigan for graduate 
work in geology after having been employed in the geophysical department of the Phillips 
Petroleum Company at Midland, Texas, for the past year and a half. Her address is 292 
Farmer Street, Plymouth, Michigan. 

Stas C. Brown, formerly with the United States Geological Survey, is with the General 
Petroleum Corporation, Durango, Colorado. 
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615 Oklahoma Building 


TULSA OKLAHOMA 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 

and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


CLARK MILLISON 
Petroleum Geologist 
Domestic and Foreign Consultation 


Philtower Building Tulsa, Oklahoma 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 
Schaefter Geophysical Company 


Federal National Bank Building 
SHAWNEE, OKLAHOMA 


P. B. NICHOLS H. T. BROWN 


Mechanical Well Logging 
THE GEOLOGRAPH COMPANY, INC. 
27 N.E. 27 
Phone 58-5511 P.O. Box 1291 
Oklahoma City 1, Oklahoma 


JOSEPH A. SHARPE 
Geophysicist 


Frost GEOPHYSICAL CORPORATION 
4408 South Peoria Ave. Tulsa 3, Okla. 


WARE & KAPNER 
SAMPLE LOG SERVICE 
Wildcat Sample Log Service 
Covering Southern Oklahoma 
John M. Ware H. H. Kapner 
Tulsa, Oklahoma 


332 East 29th Place 7-6539 


G. H. WESTBY 


Geologist and Geophysicist 


Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Geologists and Engineers 


Grant Building, Pittsburgh, Pa. 
L. G. HUNTLEY 
RoBERT S. STEWART 
L. Guy HUNTLEY 


J. R. Wyte, Jr. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 
Independent Exploration Company 
Esperson Building Houston, Texas 


CHESTER F. BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 
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TEXAS 


BRYAN D. BECK, JR. 
Petroleum Consultant 
Geology Engineering Micropaleontology 


Bowie Building Beaumont, Texas 


R. L. BECKELHYMER 
Consulting Geologist 


Domestic and Foreign Experience 


307 Rusk Building Houston 2, Texas 


JOHN L. BIBLE 
Consulting Geophysicist 
TIDELANDS EXPLORATION COMPANY 
Seismic and Gravity Surveys on Land and Sea 
2626 Westheimer 
Houston 6, Texas 


IRA A. BRINKERHOFF 
Geologist 
Associated with 


CuMMINS, BERGER & PISHNY 
National Standard Building 


Houston, Texas 


HART BROWN 


Brown GEOPHYSICAL COMPANY 


E. O. BUCK 


Geologist and Petroleum Engineer 


Gravity NATIONAL BANK OF COMMERCE 
P.O. Box 6005 Houston 6, Texas GuLF BuiLpinc, Houston, TEXAS 
R. W. BYRAM GEORGE W. CARR 


R. W. BYRAM & COMPANY 
Geologists and Petroleum Engineers 


Texas Oil and Gas Statistics Austin, Texas 


Carr Geophysical Company 


Commerce Building Houston, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 
705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


PAUL CHARRIN 
Geologist and Geophysicist 


UNIVERSAL EXPLORATION COMPANY 
2044 Richmond Road, Houston 6, Texas 


913 Union National Bank Building 
Houston 2, Texas 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 


Specializing in Valuations 


1603 Commercial Ralph H. Cummins 
Standard Bldg. Walter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


R. H. DANA 
Southern Geophysical Company 


Sinclair Building 


FORT WORTH, TEXAS 


E. DEGOLYER 
Geologist 


Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


: 
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TEXAS 
DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 
Fort Worth National FORT WORTH, 
Bank Building TEXAS 
RALPH H. FASH F. JULIUS FOHS 
hi Geologist 
Consulting Chemist 2133 Commerce Building 
Chemistry applied to the search for oil Houston 2, Texas 
Telephones: 11 E. 44th Street 
1811 W. T. Waggoner Bldg. Office 3-7351 New York 17, N.Y. 
Fort Worth 2, Texas Res, 5-3852 


JOHN A. GILLIN 
National Geophysical Company 


Tower Petroleum Building 
Dallas, Texas 


CECIL HAGEN RALPH B. CANTRELL 


Petroleum Geology & Engineering 


Gulf Bldg. HOUSTON, TEXAS 


MICHEL T. HALBOUTY 


Consulting 
Geologist and Petroleum Engineer 


Suite 729-32, Shell Bldg. 
Houston 2, Texas Phone P-6376 


SIDON HARRIS 
Southern Geophysical Company 


1005 Sinclair Building, FORT WORTH 2, TEXAS 


L. B. HERRING 
Geologist 
Natural Gas Petroleum 


Second National Bank of Houston, Houston, Texas 


JOHN M. HILLS 
Consulting Geologist 


Midland, Texas 
Box 418 Phone 1015 


SAMUEL HOLLIDAY 
Consulting Geologist 
207 Mulberry Lane 


Bellaire, Texas 


R. V. HOLLINGSWORTH 
HAROLD L. WILLIAMS 


PALEONTOLOGY LABORATORY 


Box 51 Phone 2359 
MIDLAND, TEXAS 
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TEXAS 
J. S. HUDNALL G. W. PIRTLE Cc. E. HYDE 
HUDNALL & PIRTLE Geologist and Oil Producer 
Petroleum Geologists 
1715 W. T. Waggoner Building 
Peoples Nat'l Bank Bldg. TYLER, TEXAS FORT WORTH 2, TEXAS 
W. P. JENNY 
JOHN S. IVY Consulting Geologist and Geophysicist 
Geologist AERIAL MAGNETIC and MICROMAGNETIC 


1124 Niels Esperson Bldg. HOUSTON, TEXAS 


SURVEYS and INTERPRETATIONS 
GEOPHYSICAL CORRELATIONS 


1404 Esperson Bldg. HOUSTON, TEXAS 


V. ROBERT KERR RAY W. DUDLEY 
Consulting Seismologists 
Seismic Supervision 
Original and Review Interpretations 


CUMMINS, BERGER AND PISHNY 
Commercial Standard Bldg. Fort Worth 2, Tex. 


H. KLAUS 
Geologist and Geophysicist 
Kaus ExpLoraATION COMPANY 
Geophysical Surveys and Interpretations 
Gravitymeter, Torsion Balance 
and Magnetometer 
Box 1617, Lubbock, Texas 


DAN KRALIS 
Geologist 


200 Petroleum Building Eastland, Tex. 


JOHN D. MARR 
Geologist and Geophysicist 


SEISMIC EXPLORATIONS, INC. 
Gulf Building Houston, Texas 


PHIL F. MARTYN 
Petroleum Geologist 


2703 Gulf Building 
Charter 4-0770 Houston 2, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 


R. L. MCLAREN 


TEXAS SEISMOGRAPH COMPANY 


Panhandle Bldg. WICHITA FALLS, TEXAS 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l Bank Bldg. Houston 2, Texas 


R. B. MITCHELL 
Consulting Geologist 


THE R. B. MITCHELL COMPANY 
City National Bank Bldg. Houston 2, Texas 


P. E. NARVARTE 
Consulting Geophysicist 
Seismic Interpretations 
Specializing in Faulting and Velocity Analysis 
Current Supervision and Review 


American Hospital & Life Building 
San Antonio 5, Texas 
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TEXAS 


LEONARD J. NEUMAN 
Geology and Geophysics 
Contractor and Counselor 
Reflection and Refraction Surveys 


943 Mellie Esperson Bldg. Houston, Texas 


ROLAND B. PAXSON 


Consulting Geologist 
and 
Petroleum Engineer 


1933 Commerce Bldg. Houston 2, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 
2500 Bolsover, P.O. Box 6557 Houston 5, Texas 


ROBERT H. RAY 
Rosert H. Ray, INC. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


2500 Bolsover, P.O. Box 6557 Houston 5, Texas 


F, F. REYNOLDS 
Geophysicist 
SEIsMic EXPLORATIONS, INC. 


2911 Gult Building Houston 2, Texas 


Cc. W. SANDERS 
Consulting Geologist 


2413 Colonial Parkway Fort Worth 4, Texas 
Phone 4-7188 


HUBERT L. SCHIFLETT 


STATES EXPLORATION COMPANY 


Sherman Texas 


A. L. SELIG 


Consulting Geologist 


Gulf Building Houston, Texas 


E. JOE SHIMEK HART BROWN 
GEOPHYSICAL ASSOCIATES 
Seismic 


P.O. Box 6005 Houston 6, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR 
Consulting Geologist 
Petroleum... Natural Gas 


Commerce Building Houston, Texas 


W. W. WEST 
PERMIAN BASIN SAMPLE LABORATORY 
123 Midland Tower Phone: 3400 Midland, Texas 


All current West Texas and New Mexico Permian 
Basin wildcat and key pool well sample descrip 
tions on a monthly subscription basis. 


Descriptions on old wells. 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


; 
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WEST VIRGINIA WYOMING 
DAVID B. REGER EDWARD C. SIMPSON 
Consulting Geologist Geologist 
Box 101 
217 High Street CASPER, WYOMING 
MORGANTOWN WEST VIRGINIA 
WYOMING 
E. W. KRAMPERT HENRY CARTER REA 
Geologist Consulting Geologist 
Specialist in Photogeology 
P.O. Box 1106 Box 294 
CASPER, WYOMING CASPER, WYOMING 


Source Data 
DIRECTORY OF GEOLOGICAL MATERIAL 
IN NORTH AMERICA 
By 


J. V. HOWELL AND A. I. LEVORSEN 
Tulsa, Oklahoma, and Stanford University, California 


I. General Materiai:—National and continental in area 


A. Publications and non-commercial publishing agencies, regional, national, and con- 
tinental 


B. Bibliographies, general 

C. Dictionaries, glossaries, encyclopedias, statistics, handbooks 

D. Miscellaneous books and publications of general geological interest 
E. Commercial map publishers 

F. Regional and national geologic and physiographic maps 

G. State and Province geological maps 

H. Trade journals: oil, gas, mineral industry 

I. Libraries furnishing photostat and microfilm service 

J. Thin-section and rock-polishing service 


II. 


Specific Material:—State and Province in area 
A. Canada, by provinces, and Newfoundland 
B. Central American countries 

C. Mexico 

D. United States—states and territories 


Originally published as Part II of the August, 1946, Bulletin 
PRICE, 75¢ POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - - - + L. L. Nettleton 
Gravity Meter — Co. 

1348 Esperson Bldg., Houston, Tex. 
Vice-President - - - Andrew J. Gilmour 
Amerada Petroleum Corporation 

Box 2040, Tulsa, Oklahoma 
Editor - M. King Hubbert 
Shell Oil Com any, Inc. 
ouston, Texas 
Secretary- - + E, V. McCollum 
E. McCollum and Company 
515 Building, Tulsa, Oklahoma 
Past-President - - - - Cecil H. Green 
Geophysical Service. Inc. 

6000 Lemmon Ave., Dallas, Texas 
Business Manager - Colin C. Campbell 
Room 210, 817 ‘South Boulder, Tulsa, Oklahoma 

A ox 161 


CALIFORNIA 


PACIFIC SECTION 
AMERICAN ASSOCIATION OF 


PETROLEUM GEOLOGISTS 
President - - - - Clifton W. Johnson 
Richfield Oil Corporation 
Room 430, Richfield Bldg. 

Los Angeles 13, California 
Vice-President - - - John E. Kilkenny 
Chanslor- Canfield Midway Oil Company 
4549 Produce Plaza West, Los Angeles 11 
Secretary-Treasurer - - + + ~ Harold E. Rader 
Standard Oil eee oy, Box 2437, Terminal Annex 

s Angeles 54 


Monthly meetings. Visiting geologists are welcome. 


CALIFORNIA 


COLORADO 


SAN JOAQUIN GEOLOGICAL SOCIETY 
BAKERSFIELD, CALIFORNIA 


President - - - - + + Robert B. Hutcheson 
The Superior Oil Company, Box 1031 


Vice-President - - - - + Floyd L. Johnson 
Honolulu Oil Corporation 
Secretary-Treasurer - - - Maxwell G. Caben 


Seaboard Oil Company of Delaware, Box 7 


Dinner meetings on 2d Tuesday of each month or 
as announced, El Tejon Hotel, Bakersfield. 


ROCKY MOUNTAIN 
ASSOCIATION OF GEOLOGISTS 


DENVER, COLORADO 


President - - - + Dart Wantland 
Ss. Reclamation Service 
1st Vice-President S. W. Lohman 


. S. Geological Survey 
136 New Customhouse 
2d - - - + E, W. Scudder 
J. M. Huber Corporation 
Box 2098 
Secretary-Treasurer - - - Kenneth L. Gow 
uperior Oil Company of California 
506 First National Bank Building 


Evening dinner (6:30) and technical program 
(8:00) first Tuesday each month or by announce- 


ment. 
FLORIDA ILLINOIS 
SOUTHEASTERN ILLINOIS 
LLAHASSEE. FLORIDA President -_- -C. E. Breh 

President - T. Deane Rodgers C. E. Brehm Drilling & Producing ee 

Stanolind Oil and Gas Company, Box 1118 t. Vernon 
W. C. Blackburn Vice-President - - - - + + + Joseph Neely 


Vice-President - - 
Humble Oil and Refining Company, Box 506 
Treasurer - - - Albert A. Raasch 
Humble Oil and Refining Company, 
ox 50 
Meetings will be announced. Visiting geologists 

and friends are welcome. 


Magnolia Petroleum Company 
Box 535, Mt. Vernon 


Secretary-Treasurer - + + - Lloyd A. Harris 
Carter Oil Company, Box 368, attoon 


Meetings will be announced. 


INDIANA-KENTUCKY 


KANSAS 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 


President - - E, J. Combs 
Sun Oi Company, Box 7° 


Vice-President - - - Maynard Rogers 
Independent, 417 Court Building 


Secretary-Treasurer - - - D. G. Sutton 
Sun Oil Company, Box 717 


Meetings will be announced. 


CHITA, KANSA 
President - - ion W. Payne 

Sinclair Prairie ‘Oil Compa 
Vice-President - T. G. Wright 
Stanolind Oil and Gas Company 
Secretary-Treasurer Victor F. Reiserer 
Superior Oil Company, 510 K.F.H. Bldg. 


Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, pel Tuesday of each month, 
Noon luncheons, first and third Scala of each 
month at Wolf's Cafeteria. The Society sponsors 
the Kansas Well Log Bureau, 412 Union National 
Bank Building, and the Kansas Well Sample Bu- 
reau, 137 North Topeka. Visiting geologists and 
friends welcome. 


is 
‘ 
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LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 


President - - - - + Fred S. Goerner 
California Company, 1818 Canal Building 
Vice. President and Program Chairman - 

M. N. Broughton 
The “Texas Company, 1500 Canal Building 
ae Treasurer - - - - H. A. Nystrom 
Sch ane” Well Surveying Corporation 
452 Canal Building 
Meets the first Monday of every month, October- 
May, inclusive, 12 noon, St. Charles Hotel. Special 
meetings by announcement. Visiting geologists cor- 

dially invited. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - - - + Claude N. Valerius 
Barnsdall Oil Company 
427 Ricou-Brewster Buildi 
Vice-President - - + Walter E Hamilton 
Gulf Refining. 


Box 1 
-Treasurer~ -_-R. T. Wade 
Schlumberger _ Surveying Corporation 
92 


Meets monthly, hitcaaies to May, inclusive, in 
the State Exhibit Building, Fair Grounds. All 
meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


President - - -_- W. B. Neill 
Stanolind Oil “and Gas Compan 
Vice-President - -_- Pete Lisberstick 
Atlantic Refining Compan 
Secretary - - - James M. Whatley 
Union Sulphur Company, es La 
Treasurer - - - Bert C. Timm 
Magnolia Petroleum “Company 


Meetings: Dinner and business meetings third 

Tuesday of each month at 7:00 P.M. at the Ma- 
jestic Hotel. Special meetings by announcement. 
isiting geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 
President - - - W. A. Kelly 
Michigan State College 

ast 
Vice-President - - - + - Ralph G. Hubman 
The Texas Company 
Pleasant 
Secretary-Treasurer - - 
Michigan State. 
ast Lansing 
Program Chairman - - - + Gus Sanger 
Pure Company 


T. Sandefur 


Meetings: Monthly, AS through May, at 
Michigan State College, East Lansing, Michigan. 
Informal dinners at 6:30 P.M. Papers follow 
dinner. Visitors welcome. 


MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
SOCIETY 

ACKSON, MISSISSIPPI 
President - - - -R. D. Sprague 
Sinclair Wyoming Oil biasing 2 
Vice-President - Monsour 

Consultant, Box 2571, “West 
Secretar - George W. Field 
Cities dervice O Oil Company, 1407 Toust Building 
Treasurer - - Charles E. Buck 

Skelly Oil Company, 100 East Pearl Building 
Meetings: First and third Thursdays of each 
month, from October to May, inclusive, at 7:30 
P.M., The Creole Room, LeFleur’s Restaurant, 
Jackson, Mississippi. Visiting geologists welcome 
to all meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 
President - - - I. Curtis Hicks 
Phillips Petroleum Company 


- - - Earl Westmoreland 
Seaboard Oil Company 


Secretary-Treasurer - - Frank Millard 
Schlumberger Well Surveying Corp. Box 747 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


Vice-President - 


OKLAHOMA 
OKLAHOMA CITY SHAWNEE 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA SHAWNEE, OKLAHOMA 


President - - - - + Robert R. Wheeler 
Consultant, 1216 Petroleum een 
Vice-President - - ilson 

Carter ‘Oil Company 
1300 Apco Tower 
- John Janovy 
ide Water “Associated Oil Company 


918 Hales 

Treasurer - lwyn R. Owens 
Phillips Petroleum Company 

Meetin, om Technical program each month, subject 
to call by Program Committee, Oklahoma City 
University, 24th Street and Blackwelder. Lunch- 
eons: Every second and fourth Thursday of each 
month, at 12:00 noon, Y.W.C.A. 


wee 


President - - - + + + + + + Fred J. Smith 
Sinclair Prairie Oil Company 
Box 991, Seminole 
Vice-President - - - - Doyle M. Burke 
The Texas Company 
Box 1007, Shawnee 


Secretary-Treasurer- - - Marcelle 
Atlantic ae Company, Box 1 
awnee 


Meets the fourth Thursday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 
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OKLAHOMA 


PENNSYLVANIA 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 


President - - E. Upp 
Amerada Petroleum Corporation, ox 2040 
1st Vice-President - - Reese Dillard 
Consultant, Box "2204 
2d Vice-President - - - + Thomas E. Matson 
Pure Oil Company 
Secretary-Treasurer - - + Noel Evans 
Consultant, 1510 Philtower Building 
Editor- - - - + John C. Maher 
VJ. § “Geolo ogical S Survey 
Fea eral 
Meetings: First and third Ran! ays, each month, 
from October to May, ong at 8:00 P.M., 
University of Tulsa, Lorton Hall. Luncheons: 
Every Friday (October- May), Chamber of Com- 
merce Building. 


PITTSBURGH GEOLOGICAL 
SOCIETY 
PITTSBURGH, PENNSYLVANIA 


President - - + John T. Galey 
Independent, Box 1673 
Vice-President - - B. Robinson 
Gulf Research and Eg ‘Company 
Box 2038 
Secretary - - - James C. Patton 
Equitable. Gas ‘Company 
610 Wood St. 

Treasurer - - : Sidney S. Galpin 
Peoples Natural Gas ‘Company 
545 William Penn Place 
Meetings held each month, except during the 
summer. All meetings and other activities by 

special announcement. 


TEXAS 
ABILEN OLOGICAL SOCIETY 
CORPUS CHRISTI GEOLOGICAL 
SOCIETY 
President - - - + + + J. R. Day CORPUS CHRISTI, TEXAS 
Pan American Production Company 
President - - H. D. McCallum 


Vice-President - - David M. Grubbs 
Drilling and Exploration Company 


C. S. Noland 


Secretary-Treasurer 
Skelly Oil 


Meetings: 2d Thursday of each month, 7:30 P.M., 
Wooten Hotel. 


Humble Oil and Refining ‘Company, Box 1271 
Vice-President - - Norman D. Thomas 
Pure Oil Company 
Secretary-Treasurer - James D. Burke 
Seaboard Oil Company of Delaware, Box 601 


Regular luncheons, every Thursday, Terrace Annex 
Room, Robert Driscoll Hotel, 12:00. Special night 
meetings by announcement. 


DALLAS GEOLOGICAL SOCIETY 
DALLAS, TEXAS 


President - - - John T. Rouse 
Magnolia Petroleum Company 
Box 900 


Vice-President - - H. V. Tygrett 
The Atlantic Refining Company 
P.O. Box 2819 
Secretar -Treasurer - Gilbert P. Moore 
onsulting, 501 Continental Building 


Executive Committee - - Edgar Kraus 
Atlantic Refining “Company 
Box 2819 


Meetings: Monthly luncheons and night meetings 
by announcement. 


EAST TEXAS GEOLOGICAL 
SOCIETY 
TYLER, TEXAS 
President - - - -P.§. Schoeneck 
Atlantic Refining Company 
205 Manziel Building 
Vice-President - J. C. Price 
agnolia Petroleum “Company 
Box 780 
Secretary-Treasurer - G. C. Clark 
Stanolind Oil ‘and Gas. Company 
Box 660 
as Each week, Monday noon, Blackstone 
ote 
Evening meetings and programs will be an- 
nounced. Visiting geologists and friends are 
welcome. 


FORT WORTH 
GEOLOGICAL SOCIETY 


FORT WORTH, TEXAS 


President - - - F. H. Schouten 
Stanolind Oil sand, Gas Company 


Vice-President - - H. C. Vanderpool 
Texas Pacific Coal and ‘Oil Company 
ox 2110 


Secretary-Treasurer - + Thomas Nichols 
Rowan Oil Company 
Commercial Standard Building 
Meetings: Luncheon at noon, Hotel Texas, first 
and third Mondays of each month. Visiting’ geol- 
— and friends are invited and welcome at 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, 


President - F. Childers 
Gu If Oil Corporation, — 2100 
Vice-President - - - + + Hershal C. Ferguson 
Consultant, 935 Esperson Building 
Secretar - R. Rieke 
Sch umberger Well Surveying Corporation 
Treasurer - - - Mary L. Holland 


Stanolind Oil ‘and Gas Company 


Regular meeting held the second and fourth Mon- 
days at noon (12 o'clock), Mezzanine floor, Rice 
Hotel. For any ape pertaining to the meet- 
ings write or call the secretary. 
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TEXAS 
NORTH TEXAS PANHANDLE 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS AMARILLO, TEXAS 
President - J. _J. Russell 
Independent Geologist, 907 ‘Staley Building President G. E. Hatton 
Vice-President - - ph W. Phillips Petroleum Company, Box 1761 
Shell Oil Company, nc., Box 20 Vice-President - - - - - + Robert F. Herron 


Secretary-Treasurer - - - Ralph H. 
Panhandle and Company, 
ox 1191 


Meetings: Luncheon Ist and an Wednesdays of 
each month, 12:00 noon, Y.W.C.A. Evening meet- 
ings by special announcement. Visitin geologists 
and friends are cordially invited to all meetings. 


Oil Development Company, 900 Polk St. 


Secretary-Treasurer- - - Robert B. Totten 
Sun Oil Company, Box 46 


Meetings: Luncheon Ist and 3rd Wednesdays ot 
each month, 12:00 noon, Herring Hotel. Special 
night meetings by announcement, 


SOUTH TEXAS SECTION 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
SAN ANTONIO, TEXAS 
: : Marion J. Moore 
Sunray Oil “Corporation 
-1610 Milam Building 
Vice-President - - Paul B. Hinyard 
Shell Oil Com any 
2000 Alamo National Buildin 
Secretary-Treasurer - - Forney 
Atlantic Refining Company 
1728 Milam Building 
Meetings: One regular meeting each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


President - 


WEST TEXAS GEOLOGICAL 
SOCIETY 
MIDLAND, TEXAS 
President - 
Honolulu Oil Corporation, 1391 


Vice-President - - - Ralph D. Chambers 
Continental Oil Cinoenn. Box 431 


Secretary - Jesse = Rogers 
The “Texas Company, ‘Box 1270 


Treasurer - John V. Norman, Jr. 
Forest Oil Corporation, Box 1821 


Meetings will be announced. 


WEST VIRGINIA 


WYOMING 


APPALACHIAN GEOLOGICAL SOCIETY 
CHARLESTON, WEST VIRGINIA 
P.O. Box 2605 


President - W. B. Maxwell 
United Fuel Gas Company, ~~ 1273 
Vice-Pres., Northern Div. - Robert Hyde 
545 William Penn Place, 
Vice-Pres., Central Div. - - Geo Hall 
Southeastern Gas Corp., Va. 
Vice-Pres., Kentucky Div. - -  - Paul Dufendach 

Kentucky-West Virginia Gas Co. , Ashland, 


Secretar)-Treasurer - Ballentine 
Oakwood Road, "Charleston, W.Va. 
Edito - W. T. Ziebold 


Thomas Circle Road, Charleston, W.Va. 


Meetings: Second Monday, each month, except 
ee July and August, at 6:30 P.M., Daniel 
oone Hotel. 


WYOMING GEOLOGICAL 
ASSOCIATION 
CASPER, WYOMING 
P.O. Box 545 
President - - - - Jed B. Maebius 
Gulf Oil Corporation, Box 1971 
ist Vice-President - - - - Emmett E. Schieck 
Morton Oil Company, Box 1970 
2d Vice-President (Programs) - Donald E, Edstrom 
British-American Oil Producing Company, Box 620 


Secretary - B. Headley, Jr. 
Atlantic Refining Company 
Treasurer - - - - George L. Goodin 


Petroleum Information, 
Informal luncheon meetings every Friday, 12 noon, 
Townsend Hotel. Visiting geologists welcome. 
Special meetings by announcement. 


POSSIBLE FUTURE OIL PROVINCES 
OF THE UNITED STATES AND CANADA 


A symposium conducted by the Research Committee of The American Association of Petroleum 
es A. I. Levorsen, chairman. Papers read at the Twenty-sixth Annual Meeting of the Associa- 
tion, a t Houston, Texas, April 1, 1941, and reprinted from the Association Bulletin, August, 1941. 


Edited by A. I. LEVORSEN 


($1.00 


154 he wa 83 illus. 
to 


Price, $1.50, Postpaid 
A.P.G. members and associate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 


= 
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BOLSOVER ROAD 
HOUSTON 5, TEXAS 


GEOPHYSICAL CONSULTING 
ENGINEERING CONTRACTING 
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2500 BOLSOVER ROAD 
HOUSTON 5, TEXAS 
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FROST GEOPHYSICAL CORPORATION 


AIRBORNE MAGNETOMETERS, For contract surveys, 


sale and lease. 


GRAVIMETERS manufactured under license from Stand- 
ard Oil Development Company. 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 
ducted by competent personnel. 


GEOLOGIC INTERPRETATION of the results of gravimet- 


ric and magnetic surveys. 


4410 South Peoria Avenue Tulsa 3, Oklahoma 


Having trouble interpreting your data? 
Perhaps it’s because your mixed records’ = i; i 
say, ‘‘Pick the dip this way,’’ ar 
where a simple record would say 
**Pick it this way ’’ 
RELIABLE gets BOTH 
mixed and simple every shot. 


¥ 
k 
SIMPLE 
Glenn M. McGuckin Perry R. Love 
Box 450 ry 


Yoakum, Texas 


RS 

& 
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BAROID SALES DIVISION | 


NATIONAL LEAD COMPANY 
“LOS ANGELES 12 TULSA 


Yo? need assistance ono yough oF perplexing 
them to oid in its solution. paroid field engineers ond 

jaboratory gechnicians have already helped hundreds of 
‘ operators to avill theit wells satet, faster, ond more 
No matter how difficult, your drilling MOY 
agyecesstully completed” in ovr files: your problem Mee 
well 1s yniaue: then WE welcome the opporuntty to 
study and offer cecommendanon® as procedure: : 
We nave the stait and the equipment to analyze your 
problem, just we nave the mud products to vse Bo. 
There are 100 of them serving the active oil fields of : 
rhe United grates: OF communicate with aay of the 
pivision offices at Los angeles: Tulsa, oF Houston: = 
any and / ot oli of ynited grates eoren 

ae. 
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Gravity readings 
made from 
Helicopter... 


win North American’s Portable Gravity 
Meter mounted in a Helicopter you can fly 
to stations in otherwise inaccessible areas, 
land, and make a reading without ever leav- 
ing the ’copter. 


In flight the Meter rests in a carrier on back 
of the pilot compartment. On landing a spe- 
cial tripod is lowered through the floor, the 
meter mounted thereon and readings made 
by the crewman without leaving his seat. 


For faster, lower cost, more accurate gravity 
surveying get complete details about the North 
American Portable Gravity Meter. 


NORTH AMERICAN GEOPHYSICAL Go. 


Manufacturers of Geophysical Equipment and Precision Apparatus 


2627 Westheimer Road 
: HOUSTON 6, TEXAS 


Phone Keystone 3-7408 


NOR 
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Seismic 
and 
Gravity 


land, 


water, swamp 


and mountains 


GEOPHYSICAL COMPANY | HOUSTON 


< 


we have been making and 
Dreting gravity surveys in most of the petroleum 
ices of the world . . localizing structural areas. 


For Marine Exploration 
DERWATER GRAVITY METER 


controlled and observed from 


_ EXPLORATION CO. 
L. NETTLETON geop h ys ici sts 
Houston, Texas 


W. G. SAVILLE A.C. PAGAN L. 
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SPECIALIZING IN ACCURATE SEISMIC WORK 
ON LAND AND SEA 


By combining highly portable and . « » Survey many areas previously 
accurate field instruments with thought to be inaccessible for seis- 
highly mobile field equipment, Ma- mic operations. Your inquiry about 
rine Exploration has been able to your costly prospects will be ap- 
successfully . . . and economically preciated. 


EXPLORATION CO. 


3732 WESTHEIMER ROAD, HOUSTON 6, TEXAS 
423 BALTER BUILDING, NEW ORLEANS, LA. 
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AIRBORNE / MAGNETOMETER COVERS ALL AREAS—LAND OR WATER 


Fairchild provides a new horizon in magnetic mapping 


IN FLIGHT, over land, water . . . any type of terrain, 
Fairchild provides a vastly enhanced magnetic map- 
ping service with the airborne magnetometer. Speed, 
accuracy, and low cost are featured by Fairchild 
methods of magnetic mapping. The limitations in- 
herent to ground methods are largely eliminated. For 
the first time, magnetic mapping procedures are prac- 
ticable over water. Skillfully executed by Fairchild 
engineers, surveys conducted with the airborne mag- 
netometer can benefit your petroleum explorations. 
BASE-FORMATION PROFILES, as flown by Fairchild with 


the Gulf Research & Development Company magne- 
tometer, differ from ground survey methods in at least 
three important aspects: 


1. Speed 
2. Freedom from misleading surface effects 
3. Effective everywhere 


FOR COMPLETE INFORMATION on the value of Fairchild 
methods to you, make your survey plans in consulta- 
tion with Fairchild engineers. No obligation, of course, 
for preliminary planning. 


AERIAL SURVEYS, INC, 


PHOTOGRAMMETRIC ENGINEERS @ 224 EAST ELEVENTH STREET, LOS ANGELES 15, CALIFORNIA 


‘ 
2 
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5 


ismograph Equip- 
ment has been specifically 
designed to secure maximum 
results with minimum expense 
and time. Exhaustive laboratory — 
and field research have dic- 
tated the design of all units. 


Century offers both - 
size truck mounted seismic 
oe and portable seismic 


child 
sulta- 


EOPHYSICA 


TULSA, OKLAHOMA 
49 Broadwa 


0 R P 
a 


MODEL 501 AMPLIFIER | 


Century Model 501 Amplifier is a result of 
years of intense engineering to create an 
amplifier providing superior performance. 
This amplifier provides the maximum signal 
to noise ratio and additional reserve gain 
for use under the most quiet operating con- 
ditions. Self-contained automatic gain con- 
trol. Each channel controlled separately. 

Each amplifier is carefully checked for 

phase characteristics at all frequencies, 

assuring perfect duplication of amplifiers. | 


CENTURY GEOPHYSICAL CORP. 
TULSA, OKLAHOMA 
149 Broadway, New York 


| 
} 
ay 
| 


Bulletin of The American Association of Petroleum Geologists, March, 1949 XXXiii 


Radioactivity Well 
Logs give you the 
Facts about your Well 


Typical 
Response Curves 


gees 


Get the Facts 


LOS ANGELES © HOUSTON © OKLAWOMA CITY 
Generel ond Plont 
$010 5. SOTO 51. 105 ANGELES 11, CALIFORNIA 


Radioactivity Well Logging 


AR-202 
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TEXAS SEISMOGRAPH COMPANY 
R. L. McLaren R. A. Crain 


PANHANDLE BUILDING WICHITA FALLS, TEXAS 


GEOPHYSICAL SURVEYS 
UNIVERSAL EXPLORATION COMPANY 


2044 Richmond Road 
HOUSTON 6, TEXAS 


MINERAL RESOURCES OF CHINA 
By V. C. Juan 
June-July, 1946 Issue, Part II, Economic Geology 
75 cents per copy In lots of 10—$6.00 


The Economic Geology Publishing Company 
100 Natural Resources Building, Urbana, Illinois 


MAILING ADDR 


3416 ELLA LEE NE 
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FROM |A\IRPORT CONSTRUCTION 


TO (ZEOLITE MINING 


ALTIMETERS 
PROVIDE QUICK. 
ACCURATE 
VERTICAL CONTROL 


No matter what the job—aerial surveying, topographic map- 

ing, gravity meter survey, profile studies or reconnaissance — 

&T Sensitive Altimeters get vertical control data quicker than 

any other method. That means fewer field parties and less time 

on the job, both of which spell big savings in these days of rising 

costs. Use the Two Base Method of Precise Altimetry for maxi- 
mum accuracy. 


W&T Altimeters are available in several types and ranges 
either singly or in matched sets. Write for technical literature 
today—there’s no obligation. 


Ranges . . . . any interval of 2000, 7000 or 16000 feet. 
Scale Length . . 80 inches. 
Dial Size . . . 6 inches and 8% inches. 
Calibration. . . custom calibrated in accordance 
with SMT-51. 
Sensitivity . . . 1 part in 8000. 
Case . . . . . Hardwood or metal with shock- 


proofing for mechanism. 


Altimeter 


A-74 Typé FA-112 


WALLACE & TIERNAN 
INC. 
AL MECHANISMS AND PRECISION INSTRUMEN 


Belleville 9, New Jersey * Represented in Principal Cities 
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HOW TO RECOVER 
GEOLOGICAL DATA 
FROM HARD AND SOFT FORMATIONS 


The A-1 Rotary-Type Side Wall Core 
Barrel is the result of intensive en- 
gineering research in response to the de- 
mand for a coring method that could be 
effectively used in conjunction with elec- 
trical well logging. It is designed to se- 
cure the advantages of drilling the well, 
running the electrical log, then coring. 


This side wall core barrel is designed 
to cut cores in hard as well as soft forma- 
tions. It operates similar to regular wire 
line barrels except that the cores are cut 
at an angle of approximately twenty de- 
grees with the well bore. It is fed into the 
wall of the well bore by means of pump 
pressure. Rotation is transmitted to the 
core cutter head by the drill pipe result- 
ing in true cores that are not mashed, 
distorted, or contaminated. Such cores are 
ideal for laboratory examination and eval- 
uation. They are 134” O.D. and have suffi- 
cient volume to allow complete analysis 
for permeability—vertical and horizontal 
—porosity, oil and water content, chloride 
content, and grain size. 


This tool is operated by and with reg- 
ular rotary drilling equipment plus an 
auxiliary sand line hoist. Cores are cut 
with mud circulating as in regular drill- 
ing. Cores are cut quickly and are com- 
pletely enclosed in an inner barrel. Since 
cores are cut after the well is drilled and 
after running the electrical log, non-es- 
sential zones or sections are not cored. 
This results in reduced coring costs and 
less coring time. 


The side wall core barrel will operate 
in any size hole from 8%” diameter 
through 15”. The minimum LD. of drill 
pipe the barrel will run through is 2 13/16”. 
We recommend a minimum of 4%4” drill 
pipe with 44” A.P.I, Full Hole or larger 
I.D. Tool Joints. Write for additional in- 
formation. 


HERE’S POSITIVE PROOF OF THE ACCEPTANCE 
OF THE A-1 SIDE WALL CORE BARREL. FROM 
DECEMBER 17, 1945 TO NOVEMBER 9, 1948: 


5177 Cores for 

139 Companies on 

513 Wells in 

70 Different Formations at Depths from 
1352’ to 16,127’, 


INCORPORATED 


GENERAL OFFICE 
2000 HUSSION ST. HOUSTON, TEXAS 


| 
x) 
| 
| 
| 
| | 3 
| 
| | 
} 
ilf 
i 
i 
j 
| | 
‘ 
| | 
mA 
a 
| 
| 


ee 


: 1 ani 
That’s why Geolograph. 


GEOLOGRAPH 


Oklahoma City 1, 


OGRAPH 


4 
Py © 
‘ ee e e 
Geolograph logs foot by foot .. . 24-houi a day 
down time—at all times! 7 
in SO many ways for | oth large and sir x 
ALICE, TEXAS * BATON ROUGE, LOUISIANA CASPER, WYOMING 


SOFT — clay, sandy clay, 
sand and gravel 
(Hawthorne “Rock Cut- 
ter” Bits drilled 60 to 
80 ft. per hr.) 


SOFT — red beds with gyp- 
sum streaks 
(Hawthorne “Rock Cut- 
ter” Bits drilled 60 to 
80 ft. per hr.) 


VERY HARD — Blaine 
gypsum 
(Hawthorne “Rock Cut- 
ter” Bits drilled 8 to 
15 ft. per hr.) 


MEDIUM HARD — red 
beds, hard gypsum 
streaks, salt streaks 
(Hawthorne “Rock Cut- 
ter’ Bits drilled 30 to 
45 ft. per hr.) 


Average drilling time 


35 hrs. per hole 
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PROOF OF BIT EFFICIENCY .. . 


(NO. 2 OF A SERIES) 


Drilled 4500 extra feet per month 
Saved $419.50 in bit costs per month 
Cut drilling costs from .69 to .27 per foot 


In a recent cost analysis of exploration drilling 
in the all-formation Shattuck-Woodward area, 
Oklahoma, extensive tests were run using both 
conventional roller bits and Hawthorne “Rock 
Cutter” Bits under identical conditions. 

Consider these amazing results: Hawthorne 
“Rock Cutter” Bits more than doubled drilling 
speed, reduced bit costs 65% and reduced cost 
per foot 60%. 

Faster drilling with Hawthorne “Rock Cutter” 
Bits paid important extra dividends, too. Slower 
drilling with roller bits caused side-walls to be- 
come soaked and to cave in unless quantities of 
costly drilling mud were used. Hawthorne Bits 
eliminated need for mud and enabled crews to 
run electric log without difficulty. 


LOOK AT THESE DRILLING COST COMPARISONS 
HAWTHORNE BITS vs. ROLLER TYPE BITS 


Average Bits Holes Total Bit Costs|Total Footage|Total Drilling Costs 
per Hole per Month | per Month | per Month — _ per Foot 
Roller Bits 4 4 $640.00 6,000 ft. $ .69 
Hawthorne Bits 2 9 $220.50 | 13,500 ft. .27 


The above figures show an average saving in drilling costs of $0.42 
per foot—a total saving in bit costs of $419.50 per month, resulting from 
exclusive use of Hawthorne “Rock Cutter” Bits. 

The Shattuck-Woodward area was selected for this test because it is 
a typical, all-formation area. Similar—often greater—savings with Haw: 
thorne Bits are being effected daily in many other areas. 


@ See Composite Catalog or Geophysica! 
Directory for lists, parts, prices — or 
write for illustrated catalog. 


P. 0. BOX 7299 HOUSTON 8, TEXAS 


Patents Pending 
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IMPROVED “S- SERIES” GEOPHYSICAL TRANSFORMERS 


IT PROVIDES MORE SHIELDING...GREATER DEPENDABILITY... 
AT NO INCREASE IN SIZE OR COST 


Available as input, output, interstage and choke, this 
improved ‘S-Series’ Geophysical Transformer is manu- 
factured with hermetically sealed leads. The case is 
highly polished nickel plated Mu-Metal . . . one-piece, 
seamless, drawn . . . for “no-drift’’ performance in 
high humidity areas. 

Write for our latest catalog which gives complete 
information on this improved Geophysical Transformer. 
They are available in standard or special models. We 
will gladly work with your engineers to develop special 
models for your specific use. 


HARRISON SERVES THE INDUSTRY WITH CONTINUOUSLY IMPROVED GEOPHYSICAL EQUIPMENT 


MAIN OFFICES: 1422 SAN JACINTO, HOUSTON 
BRANCHES: 6234 PEELER ST., DALLAS @ 1124 E. 4TH ST., TULSA 


| 
LoPHYSICAL 
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| now ast ga 
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2626 Westheimer HOUSTON, TEXAS 
PHONE Keystone 35511 
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See your dealer 
or write direct 
for information 


Immediate Accessories include 
i hand 
Deliver 
magnifier,chermometer, 
AMERICAN PAULIN SYSTEM, 
Manufacturers of Precision Instruments 
ge 1847 SOUTH FLOWER STREET, LOS ANGELES 15. CALIFORNIA ¢ 


| 
xli 
| 
& 
I] prelimi 
or a pr yminar sur veys 1 
| 4 Accurater sensitive, rugged, the new improved SA series American i 
Paulin System Surveying Alrimeters supply readings in 1/10ch the i 
rime with accuracy bettct than 1 part 19 1000. These gltimeters have | 
1 been recognized for years by leading geld engineers and geologists 
as the world’s standard i” dependability. 
Type sA1: lo 2' intervals Price Complete 
| i Range 4,30" © 3,600’) $200 | 
| Type sA2: Io intervals 
Range 10,600 (—90' © 9,100’) i 
Type SAS: In 10" intervals 
j (Also available in meters) bs 
| | efi OW 
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SEPARATOR 
SAMPLE MACHINE. 


True Samples 


GET TRUE SAMPLES INSTANTLY—economically— 
without interfering with drilling operations! No ex- 
pensive slow-down ... no special equipment or tech- 
nicians needed. Thompson Sample Machine is oper- 
ated by a simple hand lever. Pays for the entire 
separator in a short time. 


Engineered to be operated by the slightest flow of 
mud, with capacity to handle extreme pressures and 
volume from the deepest wells! Only clean mud goes 
back into the well. No abrasives to wear out equip- 
ment. Standard equipment on every model, the 
SAMPLE MACHINE gives accurate foot-by-foot 
samples of cuttings. By-pass now standard on all 
models. Your order can be filled today. 


THOMPSON TOOL CO. 


IOWA PARK, TEXAS 
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... prevent dust and other foreign 

material injurious to precision optics from 

sifting down through eyepieces into prisms and 
nosepieces. Patented design of the housing 

features a Neoprene ring which makes contact with 
the top surface of the Porro prism. Prism 
assemblies are protected and kept dust-tight 

for the full life of the instrument. 


Completely re-designed optical system 
in the Bausch & Lomb Stereoscopic 
Microscopes offer wider fields. 
You are given a larger area 
to examine without loss 

of critical focus ... full value 
in the realization of the 

three dimensional image. 

To appreciate this amazing 
difference you must see it! 


p OTHER POINTS 
OF SUPERIORITY 


No other instrument has so many superior 
fensniiin Unsurpassed Bausch & Lomb Optical Engineerin ng 
makes these the finest stereoscopic microscopes in the worl. 
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| B h&l b St oscopic Wide Field Microscopes 


eee and how it 
secures accurate 
cores WHICH... 


danger of 
vp roduc: 


sands 


Eliminate 
passing 
rive 


Make it possible to 
select proper casing 
locations 


ive proof 


Offer posit 
ing sanes 


of oil-beor 


Permit study of char- 
acter of formations 


Are readily analyzed 
perme- 


fot porosity: 
ability: etc. 


Indicate breaks 
in formation horizon 


Circulati 
Holes 


Back Press: 
Valve 


Core Tube 
Head 


Fluid Ports 


Back Press: 
ure 
Valve closed 


Takes good cores 
from wide range of 
formations 


Cores ore accurate, 
samples 
@ 
Fast running time — 
coring oS fast oS 
drilling 


Contact BAK 
ER OIL T 
° 
r any BAKER Service te Houston, Los Angel 
neer for informatio eles, New York 
n about the 


BAKER 
=R CABLE TOOL CORE BARR 
ZREL 
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CABLE TOOL OPERATORS 
a who are not personally acquainted with the 
“4 BA KE R __ CABLE TOOL CORE BARREL | 
1 
ail 
| i 
Drill Barrel 
Head 
Valve Sy) —an 
Drill Barrel e a 
| Finger Type minimum ense 
Trap Ring and upkeep © P 
| Shoe i life lasts in 
i Core Tube Long itely — few 
wearing pe 
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PORTABLE 
DRILL RIGS 


Reduce your costs with the (ae 
No. 300 MOTORIZED 
DRILL RIG, illustrated 


WRITE FOR BULLETIN 


MAN 


GENERAL OFFICES: HENRY Ww. 
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Republic Exploration Company is 


\ 
constantly developing new methods 1 
and techniques to probe and accurately \ 
interpret the subsurface. 
Experience and scientific super- 


vision are responsible for consistent 


accuracy in seismic and gravity surveys. 


Write for our booklet on Photogravity Mapping. 


REPUBLIC EXPLORATION COMPANY 


TULSA, OKLAHOMA 


\ 
a 


HEILAND EXPLOR 


COMPANY 


ISIANA. EDMONTON. AL 


OIL IN CANADA 


“Winterized” crews of the Hei- 
land Exploration Company. 
through seismic surveys. are 
blazing trails to new fields in 
Canada. 


ATION 
SHREVEPORT BERT Ae A 
: 
: 


New 


cost, more and more oil companies 

SOD ERNEST & CRANMER BLOG. 

= 2, CO 
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THE 
GEOTECHNICAL 
CORPORATION 


DALLAS 
TEXAS 
e 
SEARCHES 
THE 

EARTH 


SHOT HOLE AND 
CORE DRILLING 


GEOPHYSICAL 
SURVEYS 


THE GEOTECHNICAL CORPORATION 
GEOTECHNICAL CORPORATION 


OF DELAWARE 


GEOTECHNICAL SERVICE CORPORATION 
GEOTECHNICAL EXPLORATION CORPORATION 
THE GEOTECHNICAL CORPORATION (CANADA) LIMITED 
GEOTECHNICAL DRILLING COMPANY 


3712 HAGGAR DRIVE CITY NATIONAL BANK BLDG. 

P.O. BOX 7166 PHONE D4-3947 P.O. BOX 239 PHONE —M3-7586 
DALLAS 9, TEXAS HOUSTON, TEXAS 
1507 ALDRED BUILDING 514 FULTON STREET 

P.O. BOX 925 PLACE D'ARMES P.O. BOX PHONE TROY 8444 


MONTREAL |, P. Q. CANADA TROY, NEW YORK 
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Amplifiers—with A.V.C. or 
compander 


Oscillographs—timing devices 
and galvanometers 


8 
@ Portable equipment—6 or 12 


traces 


Truck mounted equipment—to 
24 traces 


Recording trucks 


Complete accessories 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


We Repair 
ALL — eo OF MICROSCOPES AND SURVEYING INSTRUMENTS 
LET US GIVE YOU AN ESTIMATE ON YOUR WORK 


12 West Fourth Street, Tulsa, Oklahoma. 


Tectonic Map of the United States. Second printing. Originally published, 1944. Prepared 
under the direction of the Committee on Tectonics, Division of Geology and Geography, 
National Research Council. Scale, 1 inch = 40 miles. Printed in 7 colors on 2 sheets, each 
40 x 50 inches. Folded, $1.75. Rolled in tube, $2.00. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


R. C. English, Owner A. B. English, Jr. 
Driller & Field Man 


ENGLISH DRILLING CO. 


Core Drilling and Shot-Hole Drilling 


KENNARD, TEXAS 
Box 613 


THE ULTRA VIOLET MINERALIGHT 


in a compact carrying case, with hot shot battery, A.C. and D.C. current, with view box, 
ready for field or office work. 

No drilling rig or geologist should be without one; make on-the-spot determinations 
—all you have to do is check all your cuttings, cores, mud, coming from the well and 
you will never pass up an oil or distillate sand. The minute you flash the light on the 
sample, if it contains petroleum, it will fluoresce. It is 1000/, accurate in fluorescing 
on petroleum—the color will be golden yellow. 

The complete Mineralight is about as large, and weighs about as much as a standard 
typewriter. Every oil scout and field geologist should have one handy to make on-the- 
spot determinations. 


No guess-work, no hunting for the oil formation with the naked eye, which might 
fool you lots of times. Mineralight will find it for you in a hurry. 


All major companies use Mineralight. 
| CAN GIVE YOU ACTION ON DELIVERY 
JOE M. BURNHAM 


323 Ardis Building, Shreveport, La. 
Representative for Mineralight 
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...» For KNOW-HOW of Explosives 
“DOODLE BUGS” 


Count on 


ATLAS 


Seismic shooting calls for more than just “any kind” of 
dynamite. It demands explosives and blasting supplies 
made especially for the job. 


Prospecting work demands powder men with experienced 
KNOW-HOW, too. They must know explosives require- 
ments for shooting problems of this work, and have the 
experience to recommend proper explosives. 


That’s why so many “doodlebugs” think of Atlas when 
they plan their shooting. Atlas technical men know seismic 
work and their explosives recommendations can be de- 
pended upon. Atlas service is tops, too, at supplying the 
right explosives, the right place, at the right time. 


Makers of dependable explosives for seismic work 


PETROGEL TWISTITE MANASITE 


high-velocity dynamite fast-coupling device extra-safe detonators 


ATLAS 


Powder Company 
Wilmington 99, Delaware 
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Insure Better Cement Jobs 


BEFORE Cementing! 


It’s EASY TO KNOW ahead of time that | 
you're going to get a better cement job... | 
that you'll avoid need for squeeze cement- 
ing .. . that you'll have a more profitable 
well completion—and at just a fraction of 
the cost of having a cementing failure on 
your hands!. 


First—centralize the casing with simple, 
easy-to-install B and W Latch-On Centrali- 
zers. Effective casing centering eliminates 
channeling in the cementing zone and 
insures the best possible cementing bond 
between casing and hole wall. Latch-On 
Centralizers are of split hinge construction 
to permit quick, money-saving installation 
on either collared or external upset casing, 
and are made in straight and spiral types 
for all well conditions. 


Second —Remove mud cake with B and 
W Multi-Flex Scratchers installed on the 
casing through the desired cementing area. 
Strong multiple-wire fingers 5” long com- 
bine strength with reversibility ... are flexi- 
ble to adapt themselves to hole contour for 
minimum disturbance of the mud cake 
while running in... insure complete mud 
removal during cementing. 


We'll gladly supply full information on 
how you can use this B and W equipment 
for better well completions. Yo today. 


quit CAN be avoided 


fs B and W Multi-Flex Scratcher 


305 M & M BLDG., HOUSTON 2, TEXAS @ 3545 CEDAR AVE., LONG BEACH 7, CALIF. 
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RECORDING GALVANOMETERS 


Interchangeable elements available with 
natural frequencies from 15 to 5000 
cycles per second. High factors of sensi- 
tivity, balance and ruggedness. Magnetic 
assembly blocks for 4, 8, 12, or 24 
element mounting. 


Where space requirements dictate closer 
proximity of elements, the type 205 “tooth- 
pick” galvanometer combines excellent per- 
formance with small size. 


Specially designed for well logging applica- 
tions, the type 210 has extremely high d.c. 
sensitivity and dynamic balance. Available 
in “banks” of 1, 2, and 4 elements. 


Conversion of any make of oscillograph for use with 
Century Galvanometers can be made at low cost and 
time requirements. 

Experienced personnel and recently expanded facili- 
ties enable Century to offer immediate repair service 
on all types and makes of oscillograph galvanometers. 


Manufactured under Century Patent 2439576, also licensed by 
Kannestine Laboratories Patent 2149442 


World’s Largest Manufacturer of Geophysical and Special Galvanometers 


GEOPHYSICAL CORPORATION 
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R. W. LAUGHLIN L. D. SIMMONS 


WELL ELEVATIONS 


Established 1926 


Oklahoma, Texas, Kansas, New Mexico, 
Louisiana, Arkansas, Illinois, Indiana, 
Kentucky, . Mississippi 


GENERAL OFFICE: . 
OKLAHOMA BLDG.—TULSA, OKLAHOMA 


| 
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GUENTHER 
INSTRUMENT CO. 


Geophysical—Industrial—Oil Field Instrumentation 


Instruments, Field and Laboratory Equipment Built to 
Clients’ Instructions or Specifications 


Development—Manufacturing—Maintenance—Repair 
Phone H-5036 Night: M2-3522 


2420 BISSONNET HOUSTON 5, TEXAS 
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<=]F8EC— 
SAND SAMPLE BAGS 


with 


water-proof, mildew-proof and insect-proof 
tags 


Made only by 
THE HUTCHINSON BAG COMPANY 
Hutchinson, Kansas 


THE SOCIETY OF ECONOMIC 
PALEONTOLOGISTS AND MINERALOGISTS 


Published annual volumes of the S.E.P.M. are available at the following terms. 


Regular Special to 
JOURNAL OF PALEONTOLOGY Price Members and 
Per Vol. Subscribers 
Vol. 1 (1927). Complete in 4 Nos. Reprinted, 1948 $6.00 — 
Vol. 2 (1928). Complete in 4 Nos. 6.00 $3.00 
Vol. 3 (1929). Only Nos. 1 and 2 available. 4.00 : 
Vol. 4 (1930)-Vol. 8 (1934). Each Complete in 4 Nos. 6.00 3.00 4 
Vol, 9 (1935)-Vol. 11 (1937). Each Complete in 8 Nos. 6.00 3.00 
Vol. 12 (1938)-Vol. 22 (1948). Each Complete in 6 Nos. 6.00 _ 
Vol. 23 (1949). Non-member, $6.00; Outside U.S., $6.40. 
Member, Covered by $5.00 dues, postpaid. 
JOURNAL OF SEDIMENTARY PETROLOGY 
Vol. 1 (1931). Complete in 2 Nos. $s $1.50 fi 
1.50 


Vol. 2 (1932)-Vol. 7 (1937). Each Complete in 3 Nos. 

Vol. 8 (1938). Only No. 3 available. 

Vol. 9 (1939). No. 2 out of print. Broken Vol. of 2 Nos. @ 1.50 

Vol. 11 (1941). Only No. 3 available. 

Vol. 12 (1942)-Vol. 14 (1944). Each Complete in 3 Nos. 

Vol. 15 (1945). Only No. 1 available. 

Vol. 16 (1946)-Vol. 17 (1947). Each Complete in 3 Nos. 

Vol. 18 (1948). No. 1 out of print. Broken Vol. of 2 Nos. @ 1.50 

Vol. 19 (1949). Non-member, $3.00; Outside U.S., $3.40. 
Member, Covered by $3.00 dues, postpaid. 


ORDER FROM S.E.P.M., BOX 979, TULSA 1, OKLAHOMA 


3833 


a 


3353 
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O OTHER ROTARY OPERATION 
calls for such precise weight 


control as diamond coring. Rotational 
speed, torque and circulating volume 
and pressure are important but the vital 
factor is weight on diamond head. Too much 


weight on the head, which costs $2,000 to $8,000, 

will tear it up—not enough weight and you don’t make hole. 
Diamond coring and drilling requires a dependably accurate weight 
indicator. The Martin-Decker Type “D” can easily pay for itself in 


one diamond coring job. 


IT IS ACCURATE UNDER ALL CONDITIONS 


The Type “D” Weight Indicator is positively unaffected by _ 


atmospheric temperature changes and accuracy is unimpaired by small 
amounts of air in the system, leaks or fluid volume. It shows the 
Weight-on-Bit by the magnified Vernier method. (Set the NET- 
WEIGHT-ON-BIT DIAL on zero and read.) All readings are shown 


Geatures... 


directly in pounds. 


A CONVENTIONAL WEIGHT INDI- 
CATOR for Total Weight of the Drill 
String—showing tight hole, stuck 
pipe, load on derrick, etc. Every 
weight indicator need is wrapped up 
in one dependable package. 


A SIMPLE RECORDER gives the en- 
gineer a permanent record of each 
24 hours of operation. The Gauge 
is placed in front of the driller 
where the slightest change in hook 
load or bit weight is instantly re- 
vealed. 


HYDRAULICALLY OPERATED—posi- 
tively unaffected by atmospheric 
changes. Dead line whip can neither 
affect Weight Indicator reading nor 
damage the instrument. 
REQUIRES NO ADJUSTMENT for 
Number of Lines Strung or Cable 
Diameter. No Gadgets or Shims to 
Get Lost. Built-in illumination pro- 
vides greater safety and convenience. 
Furnishes precise WEIGHT-ON-BIT 
DIRECTLY IN 1,000 LBs. and also 
hook load and derrick load DI- 
RECTLY IN POUNDS. 


OTHER OUTSTANDING ADVANTAGES: 


© Equally spaced gauge 
graduations 

@ No adjustments 

@ Safe, vapor-proof light 

® Non-glare dial 

© Extremely sensitive 


LONG BEACH, CALIFORNIA 


Write for Literature 


Sealtite construction 

@ Unaffected by wire line size or 
number of lines strung 

@ Adjustable sensitivity 

®@ Saves wire line 

@ Simple installation 


MARTIN-DECKER 


WEIGHT INDICATOR and 
NATIONAL Ideal type "D” WIRE LINE ANCHOR 


Vj, type “D”’ 
40% 
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Mode! U-125 for F5, F6 and F7 Ford Trucks 


In almost every country, KING FRONT MOUNT WINCHES are 
working for GEOPHYSICAL CREWS. 


Whether Ford, Chevrolet or Dodge—Willys Jeep or Truck, there's 
a sturdy, trouble-free King Winch assembly to pull you thru when 
the going is extra tough. 


KOENIG IRON WORKS 


2214 WASHINGTON AVE. HOUSTON 10, TEXAS 
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transformers 
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the 1949 
line of 


SEISMIC EQUIPMENT 


GEOTRONIC equipment incor- 
porates the finest material and 
workmanship money can buy. 
Write today for detailed infor- 
mation on any or all of these 


Series 4100B Amplifiers mounted 
Series 4106 Case. 


ances, P 
and moisture- 
proof, 


RIGHT. Input 
Switch and Test 
Unit. Accom- 
modates up to 


24 channels. 


LEFT. Observ- 
er’s Communi- 
eator handles 
time break, up 
hole and voice 
signals normal- 
ly used in shoot. 
ing. 


RIGHT. Output 
Mix Unit—half 
and half mix 
between adja- 
cent channels, 


LEFT. Power 
Supply Unit, 
Model B—fil- 
tered and reg- 
ulated A to B 
converter. 


LABORATORIES, INC. 
5535 Yale Blvd. 
DALLLAS, TEXAS 
Emerson 6-2518 
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Two Important New Texts for Geologists 


SUBMARINE GEOLOGY 


By Francis P. SHEPARD, Scripps Institution of Oceanography 


Oil geologists and petroleum engineers in many countries have shown extraor- 
dinary interest in this authoritative volume. Its significant information about 
the floor of the ocean, the continental shelves, shorelines, waves and currents— 
much of it never before published—is indispensable to economic geologists. 
The oil possibilities of the continental shelves are discussed at some length. 
37 half-tones and 69 charts. 338 pages. $6.00 


SEDIMENTARY ROCKS 


By F. J. PETTIJOHN, University of Chicago 


Just off the press, this work by one of the greatest American geologists is an 
invaluable handbook and reference guide for the practical geologist. It provides 
a description and interpretation of the common sandstones, shales, and lime- 
stones, with emphasis on quantitative data. More than one hundred superbly 
reproduced photomicrographs of thin sections are included. 526 pages +- 40 
plates. $7.50 


HARPER & BROTHERS ¢ PUBLISHERS 
49 East 33d Street, New York 16, New York 
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witH Extrulite 
CORE TUBES) 


Place your cores in these clear 
plastic tubes, and simplify core 
handling and storage. 


Light Weight Carrying 
Case for all sizes of cores 
—9 to 64 tube capacity. 


Look at These Advantages: 


% REDUCES STORAGE SPACE e@ Cores encased in these 
air-tight plastic tubes retain their properties and are filed with 
a minimum of effort. Samples may be easily found for subse- 
quent analysis. 


* SOLVES CORE TRANSPORTATION 
PROBLEMS e Sturdy Extrulite Core 
Tubes protect cores. No bottles to break, 
no tin cans to increase weight. Savings in 
weight pay for cost of container in air 
shipments. 


* ELIMINATES CORE TRAYS @ Extrulite 

_ Tubes eliminate the use of numerous core 

“trays around the rig and in storage. You 

need only one or two trays to aid in in 
with Scotch or Adhesive Tape forTem-  Serting cores in tubes. 

porary Sealing, Note Inserted Label. © ng NEED FOR CANNING EQUIP- 

MENT ¢ Tubes may be sealed right at the 

well without previous experience. Eliminates the use of cans, their cost, 

disposal problem, and labor involved. No rust in samples—no lost labels. 

One tube takes the place of many cans. iia tia ak 


t all Standard C 
REDUCES CHANCE OF MIXING OR REVERSING SAMPLES Label 


inserted with core, easily read from outside. The red cap on one end _Length—36 inches. 
insures correct core orientation. 


Extrulite Core Tubes are available in Mid-Continent and Rocky 
Mountain areas from Reed Roller Bit Company. For California and 
export sales, write for sample and prices. 


8509 HIGUERA STREET, CULVER CITY, CALIFORNIA 
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a Maple Avenue e Dallas,Texas 
L. C. Pasl C.G. McBurney J.H. Pernell | 


ing the two to four vessel 
normally used in marine 


LESS cost 
LE THAN AVER- 


; important er = ; is greatly reduced. 

been made possible = | A This new 
by two innovations in — greater marine exploam 


= sposition plotting with precise accuracy. 
exploration, MA Streamer — pressure-actuated — elimi- 
INSTRUMENT COM- nates detector contact problems. 
PANW offers the oil = This reflection-receiving streamer 
(industry seismic under be positively 
3 out inter ti di b 
— 


The more uniform your recording paper the more leeway it gives you. 


It’s an old, well known principle. If two 
factors are involved in a result, then the 
tighter the tolerances on one of them the 
more freedom is left for the other. 

In seismography it means that variations 
in lamp brightness and other factors are 
less likely to necessitate costly repeat shots 
if they can never coincide with appreciable 
paper sensitivity fluctuations. 


Seismography . . . another important function of photography 


“KODAK” IS A TRADE-MARK 


The best way to make sure that there just 
won't be any troublesome sensitivity fluc- 
tuations is to see to it that only Kodak 
Linagraph Paper gets into your recorders. 


EASTMAN KODAK COMPANY 
Industrial Photographic Division 
Rochester 4, N. Y.. 


pe 
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# MT4 


PATENT No. 
1610368 
Cther Patents 
Pending 


DELIVERY NOW 


AT LAST an easy way to file and find 
large maps and tracings— 
METAL CABINET - LOCK 


SCOTT-RICE COMPANY 
617 S. Main Tulsa 3, Okla. 


EMPIRE 


Zo 


are knocked down 


and storage. 


economical flat shipment rag A _ 
‘ 


SAND SAMPLE 
ENVELOPES 


samples. Used by most 
major oil companies. Im- 324 KRAFT 
mediate delivery of any e 

quantity. Write for prices. 


FLEXIBLE 
METAL TIE 


CORE BOXES 


Heavy Kraft solid fibre or 
corrugated boxes for stor- 
ing Empire sand sample 
envelopes. These boxes 


for ete, 


TULSA PAPER CO. 


P.O. BOX 30 TULSA 1, OKLA 


9 


\ 


>< 


\ 


ROTARY & SPUDDER 


SHOT HOLE & CORE 
DRILLING 


PO. BOX 325 
LUBBOCK, 


PHONE 2-3452 
TEXAS 


7 
& 
1 SMITH DRILLING 
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PETROLEUM EXPLORATION 
CONSULTING GEOLOGISTS 


Day Phone 424 200 Petroleum Bldg. :-: P.O. Box 392 
Night Phone 645-w 


EASTLAND, TEXAS 


U.S.A. 
Cable Address PES 


We believe that the present and future value of geologic investigation, to 
companies and individuals, lies wholly in the ability of the geologist to 
properly conduct the investigation, interpret the results, and arrive at 
practical conclusions. To this end we dedicate ourselves. 


We are in a position to give each client the very best in personal attention 
and supervision. We prepare our own base maps, accurately locate pre- 
viously drilled wells, prepare cross sections, study well cuttings, subsurface 
geology, do surface geological work, make paleogeographic maps, structure 
maps, outline areas of favorable, unfavorable, poor, fair, and good pros- 
pecting with special emphasis on each possible productive horizon. Our 
distribution maps, isopach maps, and oil and gas development maps are 
prepared with skill and accuracy. 


Our work is strictly confidential. Our staff is accustomed to getting accu- 
rate results efficiently. We maintain ourselves strictly as a geological service 
company. 


Geologic investigation is prerequisite to skillfully placing seismic crews 
in the field. Authentic geologic data accurately interpreted are the key- 
stone to dependable geologic investigations. 


Experience has proven that thorough geologic investigation pays large 
dividends in assuring profitable results. We place great importance on 
detailed study. Our coverage is global. We service the world. Field parties, 
expeditions, seismic exploration, magnetometer surveys, aerial photo sur- 
veys, gravity meter surveys, airborne magnetometer surveys, and geologic 
guidance can be had through our service. 


We invite you to talk over your next exploration project with us. 


Al 
| 
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Geophysical Surveys 
by 
Gravitymeter, 


Torsion Balance, 
and 
Magnetometer 


INTERPRETATIONS 


MR. EXPLORATION MANAGER: 


A Torsion Balance survey by our method is what you need 
to interpret your gravity anomalies when other means fail. The 
Torsion Balance has high resolving power, eliminates regional 
effects naturally and easily by virtue of its resolving power, and 
is truly exclusive. There is very little likelihood that the balance 
survey you undertake would duplicate anything now in the files 
of your competitors. The balance, if properly used, is especially 


well adapted to fault and reef problems. 


KLAUS EXPLORATION 


LUBBOCK, TEXAS 
P.O. Box 1617 Phone 2-1551 


| 
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Examine these McGraw-Hill Books 10 Days Free 


1. SEQUENCE IN LAYERED ROCKS 


By R. R. Shrock, Professor of Geology, MIT. 500 
pp., 650 illus., $7.50. Contains extensive descrip- 
tions and original illustrations of all common and 
uncommon features of rocks that can be used to 
determine tops and bottoms of folded beds, 


2. OIL FIELD DEVELOPMENT 


By L. C. Uren, Professor of Petroleum Engineering, 
University of California. Third edition. 764 pp., 
illus., $7.00. A practical treatment of every phase 
of petroleum production engineering up to the 
point at which the wells are ready to produce. 


3. OIL FIELD EXPLOITATION 


By L. C. Uren. Second edition. 741 pp., illus., $6.50. 
Spans the entire production phase of the petroleum 
industry from the completion of the field develop- 
—_ to the transportation of the products to 
market. 


4. GEOPHYSICAL PROSPECTING FOR 


OIL 


By L. L. Nettleton, Geophysicist, Gulf Research and 
Development 444 pp., illus., $5.50. A con- 
nected presentation of the principles and practice 
of modern oil prospecting by geophysical methods. 
Explains necessary procedures for reducing field 
measurements to usable form. 


5. METHODS OF STUDY OF SEDI- 
MENTS 


By W. H. Twenhofel and S. A. Tyler, Assistant Pro- 
fessor of Geology, University of Wisconsin. 183 pp., 
illus. $2.25. brief, nonmathematical treatment 
of standard methods of sampling for various types 
ents. 


of sedim 


examination copies 


6. FIELD GEOLOGY 

By F. H. Lahee, Chief Geologist of the Sun Oil 
Company. Fourth edition. 853 pp., 599 illus., $5.50. 
A standard manual of geological exploration and 
mapping, combining both textbook and reference 
features, especially suited for petroleum and min- 
ing geologists and engineers. 


7. HISTORICAL GEOLOGY 


By R. C. Hussey, Professor of Geology, University 
of Michigan. Second edition. 465 pp., illus., $3.75. 
Gives the geological history of North America and 
its inhabitants throughout 2,000,000,000 years of 
po Plants and animals of each period are de- 
scribed. 


8. GEMS AND GEM MATERIALS 

By E. H. Kraus and C. B. Slawson. Fifth edition. 
340 pp., illus., $4.00. A comprehensive treatment 
of the forms, properties, formation, occurrence and 
characteristics of gems and gem materials. In- 
cludes numerous tables of gem properties, and an 
important section on manufactured gems. 


9. WRITING THE TECHNICAL REPORT 
By J. R. Nelson. Second edition. 388 pp., $3.50. 
New information on the use of standard forms for 
standardized procedures and reports in engineering 
and other technological fields. Analyzes fundamen- 
pe processes and includes many practical illustra- 
ions. 


10. HANDBOOK FOR PROSPECTORS 


By the late M. W. von Bernewitz. Fourth edition. 
540 pp., 161 illus., $4.50. A guide book for pros- 
pectors giving sound information on equipment, 
methods of procedure and mining laws. Presents 
those principles of mineralogy and geology of 
greatest practical aid in prospecting. 


11. STRATEGIC MINERALS 

By J. B. DeMille, Consulting Geologist. 626 pp., 
$7.50. This book gives detailed information on 
essential chemical and physical properties of 76 
Strategic metals and minerals. Brings you sources 
and statistics on the domestic and foreign output 
of each material. 


McGRAW-HILL BOOK CO., Inc., 330 W, 42nd St., NYC 18 


Send me books cor ing 

circled below for 10 days’ examination on 
approval. In 10 days I will pay for books I 
keep plus a few cents delivery charges, and 
return unwanted books postpaid.* 


h 


to 


P 


Check here for 
your free copy 
of catalog. 


* Save! We pay mailing costs if you send cash with this coupon, 


1 2 3 5 
6 7 8 9 10 aT 
when sending for free 
| 


Same return privilege. 


2 
to the members of the : 
AMERICAN ASSOCIATION 
| 
317 pages 
rare to your, practical 
expert information on scores of subjects 
of interest to you. It contains clear, co™- | — 
e description® of more than 2000 ba 
ormative books written | : 
38 engi- | 


Ixxii 


Bulletin of The American Association of Petroleum Geologists, March, 1949 


RADIO and ELECTRONIC SUPPLIES 
for 


FIELD and LABORATORY 


Foremost in development of cables for “Marine, Swamp, Marsh, 
Desert, or Dry Land” prospects. 


+ 


Experienced engineering service to assist in solving all types of cable 
problems. 


* + 


Leading manufacturers’ brands of Electronic supplies, Testing Instru- 
ments, Marine Radios, Mobile communications equipment. 


Montague Radio & Distributing Co. 


220 Willow St. 
Beaumont, Texas 
Day Phones 4-5697 Long Distance 15 
4-5698 Night Phone 4494-J 


“Superior Service on Quality Merchandise” 


| 
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@ Spang Rope Sockets are made from special 
high-quality steel, forged and treated for max- 
imum service. 

@ Spang Weldless Drilling and Fishing Jars have 
proved their practical superiority to jars of the 
welded type. 

@ Spang heat-treated Drilling Bits, forged by a 
patented process, give the highest footage for 
each dressing. 

@ Spang Tools have been developed in the belief 

that the best tools and the best maintenance are 

the most economical. 


For the best in Cable Tools 
SPECIFY SPANG 


SPANG & CO. 


STANDARD | BUTLER, PA. 
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TREAT ‘the WATER 


AND You 
HELP 
THE MUD! 


A new 
approach to 
help solve 
mud 
problems. 


© SOLITE is a product specifically formu- 
lated to condition water for use in drilling 
mud. 


A laboratory with trained personnel is available 
to users of SOLITE to assure efficient use of the 
product. 


PAGE TESTING LABORATORY 
North Ventura Avenue @ P.O. Box 461 
VENTURA, CALIFORNIA 


GEOLOGY OF THE 
TAMPICO REGION 
MEXICO 

John M. Muir 


280 pages 

15 half-tones 
41 line drawings 
212 references 
Bound in cloth 


$4.50, Postpaid 
($3.50 to Members) | 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA 


50! Milam Bldg. 


HOOKS EXPLORATION CO. 


Dependable Seismic Surveys 


HOUSTON, TEXAS 


| 
| 
| | 
| 
| | 
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1 radioactivity well 
logging instruments in current 
use are designed and heat treated 
to withstand 350° F. and hydro- 
static pressure of approximately 


12,500 Ibs., psi- 


Now-WS 


LANE-WELLS COMPANY 


SEISMOGRAPH SERVICE CORP 
of Delaware 


TULSA, OKLAHOMA U.S.A 


BUENOS AIRES, ARGENTINA 


Temperature Be 
Radioactivity well logging service is available from these experienced licensees... . 
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FAILING 


EXPLORATION & DRILLING 


Company 


S 


CORE AND SHOT HOLE 
DRILLING CONTRACTORS 


5528 LAWNDALE PHONE W6-8308 
HOUSTON 3, TEXAS 
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/ VIBROGELS* 
for uniform 
results. 


* Reg. U. S. Pat. Off.- 


“ Hercules seismograph explosives are widely distributed 


GELAMITE* 
economically 
replaces Vibrogels 
‘or certain seismic 

work. 


/ SPIRALOK* 
the time-saving, 

rigid cartridge 
i assembly. 


VIBROCAPS* 


the no-lag seismic 
\ detonators. 


HERCULES 
DETONATING FUZES 


for use where extra 
strong detonators 
are needed. 


XPLOSIVES AND ACCESSORIES 
CCURATE SEISMIC RECORDINGS 


throughout the oil producing areas. Write for name of 
nearest distributor. 


HERCULES POWDER COMPANY 


INCORPORATED 


908 King Street, Wilmington 99, Delaware 


: 
\ 
& 
£F 
/ 
X09-1R 


Important money saving features 
of J & L Integral Joint Shot Hole 
Casing on seismograph work are: 


Average joint pull-out 


Integral Joint eliminates one 
threaded connection. 


Coarse threads, 4 per inch, 
cold rolled with full wall 
thickness and strength main- 
tained. 

Smooth interior joint connec- 
tion prevents wires and ex- 
plosive charge from hanging 
up. 

Available inconvenient 
lengths; 3” or 4” diameters. 


Contact your nearby Jones & 
Laughlin Supply store for prices— 
deliveries. 


LIN SUPPLY COMPANY | 


of J & L Shot Hole casing gave 100 


casing recovery «from this hole 


spite flared end. 


In swampy and sandy areas 
where “jetting” is necessary, 
this new expendable J & L 
Shot Hole Casing bit will 
increase the speed and effi- 
ciency of your shooting op- 
erations. 


& Laughlin Steel Corpore 


- 
AE ff 15,0007 average joint pull-ou ength ~ 
— strength — 15,000 Ibs. 
> JONES & LAUGH 


DIRECT 
COPY 
PROCESS 


Exact Color 
and Detail 


as Original 


Makes the Original Your Only Responsibility 
Detail or Number Colors oes Not Increase 
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GEOPHYSICAL 
CASE HISTORIES 


Volume | 1948 


A COLLECTION OF 60 PAPERS BY 61 AUTHORS ON GEOPHYSICAL OBSER- 
VATIONS MADE UNDER A WIDE VARIETY OF FIELD CIRCUMSTANCES. 
This is the first volume of a series designed to provide material by which geophysical surveys 
can be judged from later development and thus aid in the interpretation and evaluation of 
other geophysical work. 
Edited by L. L. Nettleton 
President 
Society of Exploration Geophysicists 


680 Pages 7x 10 Fully Illustrated Cloth Bound 
CONTENTS 

SECTION II. Salt Dome Case Histories—Texas, Louisiana and Mississippi ..............+6+- 21 
SECTION III. Mid-Continent Case Histories—Arkansas, Illinois, Oklahoma and Texas ........ 17 


Price $7.00 Postpaid in U.S.A. 
Special Price to Members of S.E.G., A.I.M.E. and A.A.P.G. 
Cash (Check with Order) ............... $6.00 


Credit (Bill Requested) ................. 6.25 
Add 50 cents per copy on foreign orders 


A LIMITED EDITION IS BEING PRINTED! 


Address All Orders To 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
BOX 1614 TULSA 1, OKLAHOMA 
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An A.A.P.G. Book (1948) 


APPALACHIAN BASIN 
ORDOVICIAN SYMPOSIUM 


Papers read at the Meeting of the Pittsburgh Geological Society at Pittsburgh, 
Pennsylvania, May 16, 1947, and published in the Bulletin of the American 
Association of Petroleum Geologists, August, 1948. 


“This symposium is an attempt to bring 
together all available information about 
structure, stratigraphy, and paleontology, 
as well as oil and gas possibilities, which 
bear on the Ordovician rocks of the Ap- 
palachian basin, with particular emphasis 
on the Trenton and sub-Trenton .. . it is 
intended . . . as a stimulus to further 
thought on problems, the solution of which 
will aid in the discovery of new oil and 
gas fields in the older rocks of the Ap- 
palachian basin.” 
THE PITTSBURGH 


OF REGION GEOLOGICAL SOCIETY 


— SHOWING 
OUTCROP AND PRODUCING AREAS EDITORIAL COMMITTEE 
John T. Galey, Chairman 
nae J. F. Pepper R. E. Sherrill 
C. E. Prouty R. E. Somers 
CONTENTS 


Page 
FOREWORD BY JOHN T. GALEY 1395 


SUMMARY OF MIDDLE ORDOVICIAN BORDERING ALLEGHENY SYNCLINORIUM 
BY MARSHALL KAY 1397 


CAMBRIAN AND ORDOVICIAN ROCKS IN MICHIGAN BASIN AND ADJOINING 


AREAS BY GEORGE V.COHEE 1417 
NEW YORK SUBSURFACE GEOLOGY BY E.T. HECK 1449 
SUBSURFACE TRENTON AND SUB-TRENTON ROCKS IN OHIO, NEW YORK, PENN- 

SYLVANIA, AND WEST VIRGINIA BY CHARLES R. FETTKE 1457 
TRENTON AND SUB-TRENTON OUTCROP AREAS IN NEW YORK, PENNSYLVANIA, 

AND MARYLAND BY FRANK M. SWARTZ 1493 
TRENTON AND SUB-TRENTON STRATIGRAPHY OF NORTHWEST BELTS OF VIR- 

GINIA AND TENNESSEE BY C.E.PROUTY 1596 


TRENTON AND PRE-TRENTON OF KENTUCKY 
BY A.C. McFARLAN AND W.H. WHITE 1627 


KENTUCKY SUBSURFACE BY COLEMAN D. HUNTER 1647 


264 pages; 72 illustrations. Bound in blue cloth; gold stamped; 6 x 9 inches 
Prices, postpaid. Members, $1.50. Non-members, $2.00 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, TULSA 1, OKLAHOMA 


«\ 
\ 
q 
q 


Bulletin of The American Association of Petroleum Geologists, March, 1949 . 


Just off the Press 
THE GEOPHYSICAL 
DIRECTORY 


for 


1949 


ALL NEW, COMPLETELY REVISED 


Covers entire U.S., CANADA and FOREIGN AREAS. Personnel 
list of 2000 names, 700 GEOPHYSICAL CONTRACTORS and 
SUPPLIERS, 60 FOREIGN and 270 DOMESTIC OIL COMPANIES 


using Geophysics. 
Same LOW PRICE ($3.00) as last year 
GEOPHYSICAL DIRECTORY, Box 6646, Houston 5, Texas 


MIOCENE STRATIGRAPHY 
CALIFORNIA 


By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 
450 pages; 14 line drawings, including a large correlation chart in et; 22 full- 
tone plates of Foraminifera; 18 tables (check lists, and a range of 15 pages). 

Bound in blue cloth; gold stamped; paper jacket: 6 x 9 inches. 

“One must admire the org! ve pear ince which so many successive associations 
of Foraminifera were collected, identified and tabulated. Such labour would scarcely have been 
pone of without the stimulus which the search for oil has given to the detailed ve of Foramint- 

This should be standard -“— on the Miocene of California for years to come.” 

A.M.D. in “Nature,” Vol. 144 (London, December Ss, 1989), p. 1080. 
PRICE: $5.00, POSTPAID 


($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATES) 


The American Association of Petroleum Geologists 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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RUSKA MAGNETOMETERS 


TYPE V—Vertical Magnetic Field Balance 

TYPE H—Horizontal Magnetic Field Balance 

TYPE VR—Vertical Magnetic Recording Balance 
TYPE HR—Horizontal Magnetic Recording Balance 


Standard Sensitivity 
10 gamma per scale division—visual 
10 gamma per millimeter—recorded 


“SCOUT’—A light-weight vertical reconnaissance 
magnetometer 


Standard Sensitivity 
25 gamma per scale division 


“Scout” Magnetometer ALSO: MAGNETIC OBSERVATORY INSTRUMENTS 
S A INSTRUMENT 
CORPORATION 
4607 MONTROSE BLVD. HOUSTON 6, TEXAS 


Ruska Instruments are of the latest design and are based on 
most recent developments. They are superior in precision 
workmanship and material, are easy to operate and maintain 
and have a fine appearance and a durable finish. 


Shaded areas above show countries in which Ruska Instruments are in opera- 
tion. They are accepted by governments for field and observatory work, used 
by prospecting companies and the oil and mining industries. Write for catalog. 
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Alexander Watts McCoy Memorial Volume 


STRUCTURE OF TYPICAL 
AMERICAN OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO STRUCTURE 


VOLUME III BY MANY AUTHORS EDITED BY J. V. HOWELL 


This is the newest (1948) book in the Structure Series. It contains descriptions 
of oil and gas fields characterized by distinctive and peculiar features of 
stratigraphy, structure, and accumulation. 


CONTENTS 

Page 

ALABAMA: Gilbertown, by A. M. Current ..... 
CALIFORNIA: Aliso Canyon, by Claude E, Leach .......... 24 
COLORADO: Gramp’s, by W. A. Waldschmidt ....... 110 
Rangely, by W. Y. Pickering and C. L. Dorn ........ 132 
ILLINOIS: Marine, by Heinz A. Lowenstam ........... 153 
KANSAS: Augusta, by George F. Berry, Jr., and Paul F. Harper .........cccceceeees . 213 
Geneseo Uplift, ¥ Stuart lack, C. L. Arnett, and James S. Royds ........ 225 
Kraft-Prusa, by Robert F. Walters and Arthur S. Price ......ccccesceecccees 249 
OKLAHOMA: Arcadia-Coon Creek, by George E. Carver, Jr. ...cccccccscccccccccescececes 319 
Cumberland, by Ira H. Cram ....... be 341 

West Edmond, by Robert Malcolm Swesnik Pa 
alco, by A. Wendlandt and T, H. Shelby, Jr. ............ eke 432 
VIRGINIA: Rose Hill, by Ralph Miller... 452 
WYOMING: Steamboat Butte, by H. E. Barton 480 

@ 516 pages. 219 illus. Clothbound. 6 x 9 inches 
Prices, Postpaid 
Members, $3.50 Non-Members, $4.50 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, TULSA 1, OKLAHOMA 
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This Simple 
PROTRUSION REGULATOR SPRING 


assures recovery of 
CLEAN, UNCONTAMINATED CORES 


This retractable feature: 


% Permits the cutter head to protrude ahead of 
drilling bit in soft formations. 
Assures clean, uncontaminated cores. 

% Permits the cutter head to retract within the 
drilling bit when hard streaks are encountered, 
or when using hard formation drilling bits. 


Protects core cutter head from too much weight. 


PROTECT YOUR CORES WITH 
EXTRULITE PLASTIC CORE TUBES 


(TRANSPARENT) 


CORE IDENTIFICATION. 
= SHEET 


THEN SEAL CAP . 
ON TUBE WITH THE SOLVENT 


e Cores can be tagged and sealed e Core identification sheet can 


at the rig be sealed in tube for easy read- 
© Protects the core from air, gas, ing from the outside 
oil and water e Core tubes are durable enough 
@ Cores can be stored for perma- for shipping without further 
nent protection wrapping 
SOLD 
BY 


Zed nourr BIT COMPANY 


HOUSTON 1, TEXAS 
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Regional Base Maps 


FOR OIL EXPLORATION 


WYOMING, COLORADO, NEW MEXICO, UTAH, KANSAS, 
OKLAHOMA, TEXAS 


PHOTOGRAPHIC MAPPING 
FULL INFORMATION UPON REQUEST 


“MULDROW AERIAL SURVEYS, INC. - 


(Formerly Kargl Aerial Surveys, Inc.) 
MIDLAND, TEXAS 


GEO. F. KELLY 
OIL INDUSTRY CARTOGRAPHY 
Base-Maps on all parts of the United States, and Southern and Western Canada. 
Write or Phone for Index-Maps and Prices. 


213 Kennedy Bldg. 5-2286 


P.O. Box 1773 Phones: 
Tulsa 1, Okla. 6-5569 


SPECIAL ATTENTION GIVEN TO FOREIGN ORDERS — 
“THE LUSTROUS SEVEN STAR BEAUTY” 


World’s Best Map Filing Cabinet 


*CONVENIENT ‘*INSTANT REFERENCE *SPACE SAVER 
*INSTANT FILING *DUST PROOF *RUST PROOF 
*MEDDLER PROOF 


CAPACITY: 60—75—100—160—200 
Ultra Attractive—fits the furniture scheme of any office. 


Instant yep age maps or tracings from 12” to 54” long. 
Each well x 2”, equipped with individual wood slide with 
holes on 2” centers, through which one screw when matched 
to hole in adjustment block and tightened, automatically gives 

ect alignment at top for all length maps. Substantial lock 
—Individually keyed. 


Exterior of cabinet made of %” five ply beautiful grained 
hardwood mitered locked joints, banded edges on door and 
top. Interior partitions %” thick, and %” slides, all three ply 
veneer of southern hardwood or fir. 


Finished: Walnut, Oak, Mahogany, Olive Drab Green, 
Natural or Blond. Other type cabinets designed to suit your 
needs. Information on request. 


We specialize in Drafting Tables and 
Light Tables made to your order. 


PORT CITY CABINET WORKS 


609-13 Quitman St., HOUSTON 9, TEXAS Phone P-0725 
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WHS 
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NATIONAL GEOPHYSICAL COMPANY, INC. 
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Interpretation of seismic data requires experience, education and 
skilled supervision. No two records are similar; subsurface and 
surface conditions are changing constantly. 

National’s interpretations, based on three hundred crew-years 
of experience in all sections of the country, assure each client of 


reliable data for evaluation. 


MIDLAND DALLAS HOUSTON 
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The new GSI home at 6000 Lemmon Avenue, Dallas... 
40,000 square feet of plant on seven acres . . . housing the 
most modern facilities for engineering, research and crew 
maintenance. We invite you to visit us. 


Geopnysicat Service Inc. 


SEISMIC SURVEYS 


6000 LEMMON AVENUE DALLAS, TEXAS 
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FOR CORES THAT TELL 
THE STORY CHOOSE A 


HUGHES CORE BIT 


TOOL COMPANY 


UV T € 
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